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Abstract
Motor stereotypy is a common, skill disruptive behavior exhibited by children with autism
spectrum disorder (ASD). Response interruption and redirection (RIRD) is the delivery of
incompatible demands contingent on motor stereotypy, which is gaining support for reducing
these behaviors. However, RIRD has limitations with generalization as behaviors often return to
baseline levels post-treatment. Stimulus control (SC) training followed by generalization
probing (GP) have been implemented with other behavior-reduction strategies to help counter
these difficulties; however, no published studies have assessed the effects of RIRD with these
procedures. The purpose of this study was to evaluate the effects of RIRD in combination with
SC training and GP using a changing-criterion design for children with ASD during their early
intensive behavioral intervention (EIBI) programming. Six children with ASD were assigned
across three conditions: a) experimental (RIRD + SC + GP), b) traditional treatment (RIRD +
GP), and a c) clinical control (EIBI + GP) group. Results demonstrated that RIRD + SC + GP
produced immediate reductions in motor stereotypy to near zero rates during treatment, with
reductions maintaining post-treatment. Participants receiving this intervention package also met
mastery criteria across four generalization conditions in the clinic setting in fewer sessions.
Results of this study extend the literature by emphasizing the utility of combining SC procedures
and probing for generalization when implementing RIRD to reduce motor stereotypy.
Considerations of using SC training and avenues for future research are discussed.
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Chapter 1: Introduction

Autism spectrum disorder (ASD) is characterized by varying degrees of impairment in
social and communication skills with engagement in restricted interests and repetitive behaviors
(RRBs; American Psychiatric Association, 2013). Specifically, repetitive behaviors or motor
stereotypies, are non-functional and developmentally inappropriate movements exhibited by
some children with ASD (Rapp & Vollmer, 2005). While various in clinical presentation, the
frequency and intensity of motor stereotypies occur at levels that impede development of
appropriate academic and social behaviors. Current research indicates that stereotypic behaviors
may be maintained by multiple functions; however, many experimental functional analyses show
that these behaviors are often automatically reinforced (Liu-Gitz & Banda, 2010). Compared to
the social and communication domains of ASD, research and treatment of motor stereotypies are
limited (Lewis & Kim, 2009). With 1 in 68 children diagnosed with ASD each year (Centers for
Disease Control and Prevention, 2014), it is imperative to understand the etiology and function
of these behaviors for appropriate treatment planning.
Classification and Presentation of Motor Stereotypies
Engagement in RRBs comprise one feature of the diagnostic dyad of clinical symptoms
in children with ASD. RRBs are conceptualized as part of a continuum that range from higher
order to lower order behaviors, with the former consisting of restricted interests and the latter
including motor stereotypies (American Psychiatric Association, 2013). Motor stereotypy is
defined as the persistent use of non-purposeful, heterogeneous movements that are repetitive in
nature (Ridley & Baker 1982; Lewis & Bodfish, 1998; Turner, 1999; Lee, Odom, & Loftin,
2007; Bregman & Higdon, 2012; Lanovaz & Sladeczek, 2014). Symptom presentation varies in
frequency, duration, and severity; however, motor stereotypies are topographically similar across
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contexts, inappropriateness, and repetition (LaGrow & Repp, 1984). Movements are considered
stereotypic if they occur involuntary and have predictable patterns, amplitudes, and locations
(Repp, Barton, & Brulle, 1983; LaGrow & Repp, 1984; Foster, 1998; Schreibman, Heyser, &
Stahmer, 1999; Gardenier, MacDonald, & Green, 2004; Harris, Mahone, & Singer, 2008;
Goldman et al., 2009). Common examples include trunk and limb manipulations such as hand
flapping, head shaking, hand wringing, toe-walking, finger flicking, and body rocking (Ahearn,
Clark, Gardenier, Chung, & Dube, 2003; Rapp, Vollmer, Peter, Dozier, & Cotnoir 2004). Other
behaviors include lip smacking, chewing movements, grimacing, and sniffing (Schreibman et al.,
1999; Rapp et al., 2004; Jankovic, 2005). Running objects across one’s peripheral vision
(Schreibman et al., 1999) and atypical finger gazing have also been observed (Goldman et al.
2009).
While present in other clinical populations (Tan, Salgado, & Fahn, 1997; Mahone,
Bridges, Prahme, & Singer, 2004; Harris, Mahone, & Singer, 2008; Baird, Barry, Bunton,
Hedderly, & Lascelles, 2011), motor stereotypies occur more frequently in children with ASD
compared to any other developmental disability (Goldman et al., 2009). Upwards of 72% of
children with ASD engage in motor stereotypic behavior (Bodfish, Symons, Parker, & Lewis,
2000; Goldman et al., 2009; Matson, Dempsey, & Fodstad, 2009), which continue into the
lifespan as observed in 61% of adults among this population (Cox et al., 1999; Bodfish et al.,
2000; Kennedy, Meyer, Knowles & Shukla, 2000; Richler, Huerta, Bishop, & Lord, 2010).
Why Study Motor Stereotypy?
Motor stereotypies occupy a large proportion of the behavioral repertoire of children with
ASD, creating various challenges (Rapp & Vollmer, 2005). High rates of stereotypy interfere
with skill acquisition (Gorman-Smith & Matson, 1985; Wolery, Kirk, & Gast, 1985; Lovaas,
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Newsom, & Hickman, 1987; Schroeder, Rojahn, Mulick, & Schroeder, 1990; Morrissey,
Franzini, & Karen, 1992; Morrison & Rosales-Ruis, 1997; Rapp & Vollmer, 2005; Cervantes,
Matson, Williams, & Jang, 2014), observational learning (Varni, Lovaas, Koegel, & Everett,
1979), responses to auditory stimuli (Lovaas, Littownik, & Mann, 1971), discrimination tasks
(Koegel & Covert, 1972; Dunlap, Dyer, & Koegel, 1983), environmental exploration (Pierce &
Courchesne, 2001), and with established skills (Koegel & Covert, 1972; Epstein, Doke, Sajwal,
Sorrell, & Rimmer, 1974; Koegel, Firestone, Kramme, & Dunlap, 1974; Morrison & RosalesRuiz, 1997). Furthermore, play and social interaction behaviors are also impeded. Several
studies show that when presented with novel leisure items, children with ASD are less likely to
manipulate them, and rather, engage in stereotypic behaviors (Wing & Gould, 1979; Singh &
Winton, 1983; Baker, Koegel, & Koegel, 1998; Baker, 2000; Honey, Leekam, Turner, &
McConachie, 2007; Tarbox & Najdowski, 2008). In a longitudinal study by Sigafoos, RobertsPennell, and Graves (1999), little improvement in play skills were reported among children with
ASD, even when matched to mental age.
Motor stereotypy is also associated with negative social consequences, specifically,
isolating children with ASD from typically developing (TD) peers (Smith & Van Houten, 1996).
In the current push for inclusion in school settings (Koegel, Koegel, Frea, & Freeden, 2001), it is
increasingly important to decrease problematic behaviors that differentiate children with ASD
from their peers. Increased levels of parental stress (Gabriels, Cuccaro, Hill, Ivers, & Goldson,
2005; South, Ozonoff, McMahon, 2005; Bishop, Richler, Cain, & Lord, 2007; Taylor & Seltzer,
2007) and negative parenting styles (Shattuck et al., 2007) are also reported. Motor stereotypies
often interrupt family activities, with parents citing these behaviors as the most difficult aspect of
ASD (South, Ozonoff, & McMahon, 2005). The stigma attached to motor stereotypies can result
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in undesirable consequences from a caregiver’s point of view, making it difficult to bring their
child to social settings (Jones, Wint, & Ellis, 1990).
Finally, motor stereotypies are precursors to self-injurious behaviors (SIBs), which can
result in physical injury such as lacerations, recurrent infections, and fractures (Schroeder &
Rojahn, 1990; Guess & Carr, 1991; Berkson, Tupa, & Sherman, 2001; Gabriels, Cuccaro, Hill,
Ivers, & Goldson, 2005; Richman & Lindauer, 2005; Gal, Dyck, & Passmore, 2009; Baird,
Barry, Bunton, Hedderly, & Lascelles, 2011). While some stereotypic behaviors do not cause
physical harm, behaviors such as head-banging, eye-poking, and face-slapping can lead to tissue
damage when exhibited over time (Kennedy et al., 2000). In severe cases, protective equipment
may need to be worn as these behaviors may cause irreversible injury or death if not stopped
(Schroeder & Rojahn, 1990; Rojahn, Schroeder, & Hoch, 2008). SIBs are observed in 25% of
children with ASD, making this group vulnerable beyond that of other populations (Bodfish, et
al., 2000). Over time, SIBs become more complex and difficult to treat if not addressed
(Matson, Dempsey, & Fodstad, 2009; Rojahn, Wilkins, Matson, & Boisjoli, 2010).
Development of Motor Stereotypy
Motor stereotypies are well documented in the early development of TD children
(Kravitz & Boehm, 1971; Thelen, 1979; Werry, 1986; Evans et al., 1997; Leekam, Nieto, Libby,
& Gould, 2007). For instance, repetitive hand and leg movements are observed in infants as
early as 24 to 52 weeks, and body rocking and head banging are prevalent between one and 57
months (Kravitz & Boehm, 1971; Thelen, 1979; Werry, 1986). Between 24 and 36 months,
approximately 60% of TD infants exhibit motor stereotypies (Evans et al., 1997), however, these
behaviors begin to decline by 5% by age 3 and are almost absent by age 4 as the neuromuscular
system matures and more sophisticated movement develops (Sallustro & Atwell, 1978; Thelen,
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1979). Motor stereotypies in TD children transition to advanced gross motor movements. For
example, body rocking transitions to crawling, to normal seated posture, and to walking,
presenting little concern for parents (Thelan, 1979; MacLean, Ellis, Galbreath, Halpern, &
Baumeister, 1991; Troster, 1994).
Clinical concern arises when the behavior pattern deviates from normal development of
motor milestones and becomes intense, prolonged, unusual, self-injurious, or interferes with
normal activities (Freeman, Soltanifar, & Baer, 2010). Children with ASD engage in repetitive
behaviors at increased frequency, rate, and severity, with various patterns (Bodfish et al., 2000).
Stereotypy among individuals with developmental disabilities, including ASD, may occur from
7% to 47% of one’s waking hours (Repp & Barton, 1980), with more than 50 different types of
stereotypies observed (Matson, Dempsey, & Fodstad, 2009). Other studies show that toddlers
later diagnosed with ASD exhibited more atypical hand and finger movements and more
stereotypical object play such as excessive banging or preoccupation with spinning objects
compared to toddlers without ASD (Chawarska, Klin, & Paul, 2007; Matson, Dempsey, &
Fodstad, 2009). By 24 months, the frequency of repetitive behaviors discriminates children with
and without ASD (Lord, 1995), especially as behaviors become pronounced after 3 years (Lord,
1995; Moore & Goodson, 2003).
Motor Stereotypy in ASD
The nature and developmental course of stereotypies among children with ASD is not
well understood (Symons, Sperry, Dropik, & Bodfish, 2005). Researchers propose that
stereotypies develop due to lack of alternative behaviors that compete with it. That is, children
with ASD engage in stereotypy for stimulation or communication whereas TD children progress
and learn play, language, and social skills at a faster rate (Ross, Yu, & Kropla, 1998). High rates
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of stereotypy in ASD may be maintained by the prevention or delay of learning of alternative
behaviors (Lovaas, Newsome, & Hickman, 1987).
Furthermore, studies have identified several factors responsible for moderating the
expression of motor stereotypies in ASD. For instance, an interaction effect between stereotypic
behaviors and chronological age in children with ASD between 2 and 3 years is supported,
suggesting that they are more frequent in younger children (Murphy & Barnes-Homes, 2005;
Bishop et al., 2007; Kim & Lord, 2010; Richler, Huerta, Bishop, & Lord, 2010). Furthermore,
the nature of repetitive behaviors appears to differ as a function of age. Specifically, higher
order RRBs are common in older children with ASD and increase in severity over time
(Militerni, Bravaccio, Falco, & Palmero, 2002; Bishop, Richler, Cain, & Lord, 2007; Lam &
Aman, 2007). On the other hand, younger children exhibit lower order RRBs such as motor
stereotypies, which remain stable or decrease as supported by cross-sectional and longitudinal
research (Mawhood, Howlin & Rutter, 2000; Fecteau, Mottron, Berthiaume & Burack, 2003;
Lam & Aman, 2007). Although motor stereotypies lessen over time, they are still present in
older individuals with ASD and are likely severe relative to TD individuals (Taylor & Seltzer,
2010).
Motor stereotypies are also influenced by intellectual functioning (Turner, 1999; Rutter,
Le Couteur, & Lord, 2003; Gabriels, Cuccaro, Hill, Ivers, & Goldson, 2005). Longitudinal data
show that ASD and low IQ are correlated with motor stereotypic behaviors and SIBs, while
higher order RRBs are commonly found in children with ASD and average IQs (Bartak & Rutter,
1976). Moreover, children with co-occurring ASD and intellectual disability (ID) often show
little reduction of these behaviors across time compared to individuals with ASD and average
IQs (Esbensen, Seltzer, Lam, & Bodfish, 2009). Bishop et al. (2007) proposed that children with
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ASD and higher IQs engage in fewer motor stereotypies due to availability of interests and
abilities that foster participation in less repetitive activities. In contrast, children with severe
levels of impairment may have fewer opportunities to develop productive, non-repetitive
activities through social interactions. Furthermore, a growing body of research identified a
potential link between non-verbal IQ (NVIQ) and repetitive behaviors. In young children, NVIQ
is associated with motor stereotypies, while the relationship between NVIQ and higher order
RRBs is less clear with some studies finding a positive relationship for specific repetitive
behaviors (Bishop et al., 2007), and other studies finding no such relationship (Lam & Aman,
2007; Richler et al. 2010).
In addition to intellectual functioning, deficits in overall adaptive skills are correlated
with increased frequency of motor stereotypy (Volkmar, Carter, Sparrow, & Cicchetti, 1993;
Matson, Kiely, & Bamburg, 1997; Stone, Ousley, Hepburn, Hogan & Brown, 1999; Matson,
Kiely, & Bamburg, 1997; Liss et al., 2001; Baghdadli, Pascal, Grisi, & Aussilloux, 2003).
Impairments in executive functioning, which include difficulties in planning, inhibition,
cognitive flexibility, and working memory, are widely demonstrated in individuals with ASD
and their first-degree relatives (Ozonoff, South, & Provencal, 2006; Lam, Bodfish & Piven,
2008; Richler, Huerta, Bishop, & Lord, 2010). The severity of repetitive behaviors in ASD
correlate positively with deficits on tasks that specifically index cognitive flexibility, even after
controlling for IQ (Lopez et al., 2005). Furthermore, the executive dysfunction hypothesis,
which proposes that symptoms present in ASD are due to deficits in the executive control of
behaviors, is associated with the prevalence of stereotypies (Hughes, Russell, & Robbins, 1994;
Sayers, Oliver, Ruddick, & Wallis, 2011).
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Due to the high prevalence rate of ASD in males (American Psychiatric Association,
2013), this group is twice as likely to exhibit motor stereotypies compared to females (Mahone,
Bridges, Prahme, & Singer, 2004; Jansiewics, Goldberg, & Newschaffer, 2006; Leekam et al.,
2007; Harris, Mahone, & Singer, 2008). Research of females with ASD engaging in motor
stereotypies are limited (Fliers et al., 2008) but suggest that lower scores on IQ and adaptive
measures are predictors of these behaviors (Kopp, Beckung, & Gillberg, 2010). ASD is also
highly heritable as concordance rates in monozygotic twins range from 60% to 91% (Croen,
Grether, Selvin, 2002), and sibling recurrence rates are estimated at 4.5% (Joseph, TagerFlusberg, & Lord, 2002). Several lines of research indicate an underlying genetic component in
motor stereotypies (Cuccaro et al. 2003; Szatmari et al. 2006; Lam, Bodfish, & Piven, 2008;
Cannon et al., 2010), which are likely influenced by genes independent of those involved with
social or communication deficits (Graybiel, Canales, & Capper-Loup, 2000).
Motor Stereotypies in Common Comorbid Diagnoses
ASD has high comorbidity with many other psychological, neurological, and genetic
disorders, with one study citing rates as high as 70% for children with ASD having one comorbid
diagnosis and 41% having two or more comorbid diagnoses (Simonoff et al., 2008). Repetitive
motor behaviors are frequently noted in many of the clinical populations that have a high
association with ASD, including ID, sensory processing disorder (SPD), obsessive-compulsive
disorder (OCD), Tourette syndrome, and attention-deficit/hyperactivity disorder (ADHD).
While motor stereotypies are not a defining symptom of ID, approximately 40% of children
among this group exhibit these behaviors (Schroeder & Rojahn, 1990; Roebel & MacLean,
2007), as upwards of 75% of children with ASD meet criteria for ID (Croen, Grether, & Selvin,
2002). However, children with ASD engage in higher percentage of motor stereotypies with
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more varied topographies, increased severity and overall occurrence in children with ID
(Bodfish, Symons, Parker, & Lewis, 2000). Some repetitive behaviors, such as atypical gazing
at fingers or objects are specific to ASD (Goldman et al., 2009). At times, the severity of ID can
complicate efforts at a diagnosis of ASD and conversely, more severe ASD core symptoms can
mask ID symptoms. To evaluate the role of intellectual functioning on the presentation of ASD
core deficits, Matson and colleagues (2009) contrasted groups of children with ID and ASD to
those with ID alone. Results demonstrated that for children with ID alone, the level of
intellectual functioning had a moderating effect on ASD deficits, with the largest increase
observed in stereotypies. This suggests that as one moves along the ASD spectrum, from highto low-functioning, the effect IQ has upon the occurrence of ASD symptoms increases. As IQ
decreases, the occurrence of motor stereotypy increases, making differential diagnosis more
difficult among children with severe and profound ID.
In addition, sensory processing abnormalities are frequently reported in children with
ASD and are linked to motor stereotypy (Lovaas, Newsom, & Hickman, 1987). A meta-analysis
of 14 studies involving sensory processing symptoms with ASD suggested that sensory
behaviors are common (Ben-Sasson, Fluss, Cermak, Engel-Yeger, & Gal, 2009). It is proposed
that motor stereotypies are a result of atypical sensory modulation which serve as compensatory
behaviors in response to sensory deﬁcits. However, current evidence suggests that these
behaviors are only moderately correlated (Boyd et al., 2012). Further, they found only one type
of sensory feature (i.e., hyper-responsiveness) associated with the occurrence of repetitive
behaviors, indicating that sensory and repetitive behaviors are mostly distinct phenomena that
would require differential treatment approaches.
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OCD is a disorder in which an individual engages in repetitive behaviors to reduce
anxiety in the context of inflexible rules and intrusive thoughts (American Psychiatric
Association, 2013). Although repetitive behaviors are observed in individuals with ASD and
OCD, engagement in the types of behaviors are differentiated among these clinical groups. For
instance, behaviors such as cleaning and checking are more likely observed in OCD than ASD
(Cath, Ran, Smit, Van Balkhom, & Comijs, 2008). Also, children with ASD tend to have less
complex forms of symptom content, likely due to co-occurring cognitive or language
impairments (Anholt et al., 2010). Although it is proposed that symptoms of anxiety are a strong
motivator for repetitive behaviors compared to sensory deficits in children with ASD, studies
have failed to find robust effects between anxiety disorders and motor stereotypies (Szatmari et
al., 2006; Anholt et al., 2010).
Furthermore, there is considerable overlap between motor stereotypies in ASD and motor
tics in Tourette syndrome (Baron-Cohen, Scahill, Izaquirre, Hornsey, & Robertson, 1999;
Canitano & Vivanti, 2007; Gadow, Roohi DeVincent, & Hatchwell, 2008). Tics are a series of
movements performed in the same order and include behaviors such as eye blinking, shoulder
shrugging, facial grimacing, mouth movements, and jaw clenching. ADHD, which consists of
attentional impairments attributed to a general deficit in the inhibitory functions (Barkely, 1997),
is comorbid in upwards of 78% of children with ASD (Jang et al., 2013). Motor coordination
difficulties observed in ADHD are due to lack of inhibition resulting in hyperactivity and other
motor behaviors (Neto, Goulardins, Rigoli, Piek, & Oliveira, 2015). ADHD, however, is also
highly comorbid with Tourette syndrome, making it difficult to determine whether motor
mannerisms are inherent to ASD itself or if they are attributable to the presence of comorbid
diagnoses.
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Atypical motor responses are considered stereotypic when the behavior is rhythmic in
nature and interferes with functioning or causes self-injury. Motor stereotypies have an earlier
age of onset, often before 3 years, whereas the mean onset for motor tics is 5 to 7 years (Mahone,
Bridges, Prahme, & Singer, 2004; Crosland et al., 2005). Motor tics wax and wane across time
and peak between 9 and 14 years of age, while levels of motor stereotypies remain stable
(Gilbert, 2006). Motor tics observed in ADHD and Tourette syndrome are discriminated from
motor stereotypies in ASD as the latter are a normative part of human development and emerge
early in life. This suggests that motor stereotypies represent a retention of infantile behavior
rather than the development of new and aberrant forms of responding. The development of
motor stereotypy can be explained by the neurobiological, environmental, and more commonly,
the behavior analytic model.
Neurobiological Model of Motor Stereotypy in ASD
Motor stereotypies can be understood in the context of the neurobiological model, which
emphasizes the role of neural networks that lead to the emergence and maintenance of these
behaviors. Motor stereotypy has been directly linked to the basal ganglia pathway, which is
associated with motor control (Lewis & Kim, 2009). The circuitry in the basal ganglia is
organized in loops that receives input through the striatum and output through the thalamus
(Kenworthy et al., 2013). Specific to motor stereotypy, the basal ganglia loop is composed of a
direct pathway that increases activity in the thalamus and enhances behavior, and an indirect path
that produces the converse (Garner, 2005; Lewis, Tanimura, Lee, & Bodfish, 2007). An
imbalance in the pathways, such as hyperactivity of the direct pathway or lower activity of the
indirect pathway can interrupt motor integration, resulting in disinhibition of behavioral output
(Lewis & Kim, 2009).
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Neurochemical investigations have also identified abnormal levels of neurotransmitters,
such as dopamine, serotonin, and glutamate in individuals with ASD (Volkmar & Anderson,
1989). Dopamine plays a critical role in the maintenance of stereotypy because it regulates the
balance between the two pathways of the basal ganglia (Groenewegen et al., 2003). That is,
dopamine may inhibit the indirect pathway and enhance the direct pathway (Lewis & Kim,
2009). Clomipramine, a serotonin reuptake inhibitor that increases the level of extracellular
serotonin and is often used as treatment for individuals with OCD (Bodfish, Symons, Parker, &
Lewis, 2000), is shown to decrease stereotypy in individuals with ID (Kolevzon, Matthewson, &
Hollander, 2006; Lewis & Kim, 2009). Similarly, serotonin agonists have been shown to
decrease stereotypy by modulating the dopaminergic system however, the specific mechanisms
responsible for the modulation are still unknown (Turner et al., 2001). Drugs that activate or
block other neurotransmitters in the basal ganglia like glutamate, also alter engagement in
stereotypy, providing additional evidence of the basal ganglia’s involvement in motor
modulation (Chao et al., 2010).
Volumetric differences in the brain are also linked to repetitive behaviors (Sears et al.,
1999). The caudate nucleus, which is associated with motor mannerisms, is significantly larger
in individuals with ASD than TD controls. These findings were also consistent after controlling
for IQ and brain area, and total brain volume (Hollander et al., 2007). Motor stereotypy may
also occur as a result of the activation of the anterior cingulate cortex (ACC), which is involved
in impulse control (Shafritz et al., 2004). In a functional magnetic resonance imaging (fMRI)
study of response monitoring, greater parental endorsements of repetitive behaviors were
associated with ACC activation; greater ACC activation is also consistent in the OCD literature
(Thakkar et al., 2008). Smaller volumes of the left post-central gyrus, which is a prominent
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sensory receptive area for touch and the cerebellum, regulates muscular activity and are also
associated with greater frequency of repetitive behaviors (Hollander et al., 2005). These areas
are negatively correlated with repetitive behaviors in ASD, suggesting that decreased volume is
associated with increased frequency of motor stereotypy (Pierce & Courchesne, 2001). These
studies support structural differences and considerations in neurological foundations that aid in
the behavioral manifestation of repetitive behaviors.
Environmental Model of Motor Stereotypy in ASD
The environmental model suggests that the quality of stimuli in the environment may
contribute to the presence of motor stereotypies. For example, environmental deprivation is
noted to increase motor stereotypy in animals (Turner, Lewis, & King, 2003; Lewis et al., 2007)
and socially deprived children in descriptive studies (MacLean et al., 1991; Rutter, 1996).
Stereotypies may be more common in ASD due to lack of creative means of increasing interest
in under-stimulated environments, and because these individuals may receive less stimulation
because of their disability (Troster, Brambring, & Beelmann, 1991). Deprivation can lead to
alterations in brain biochemistry, which have been observed in the dopaminergic system (Lewis
& Kim, 2009).
Adding to this, the homeostatic theory (Hutt & Hutt, 1968) suggests that an optimal level
of stimulation is necessary for an individual. That is, motor stereotypies serve as compensatory
behaviors that increase arousal in under-stimulating environments or serve to reduce arousal in
over-stimulating environments (Hutt & Hutt, 1968; Kinsbourne 1974; Brett & Levine 1979;
Repp, Felce, & Barton, 1988). This theory is supported by correlations found between
stereotypy and increases in electroencephalogram (EEG) activity (Hutt, Hutt, Lee & Ounsted,
1964; Hutt & Hutt, 1968). Moreover, Zentall and Zentall (1983) and Dawson and Lewy (1989)
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proposed that the unpredictable nature of social situations create an over-stimulating experience
for children with ASD. This results in deficits in arousal modulation, which impacts the ability
to process social information. The non-social stimuli of motor stereotypy, however, provides
more predictable and less complex information for a child with ASD (Dawson & Lewy, 1998).
Further research is needed to understand the developmental trajectories of motor stereotypies in
ASD to identify potential contributing factors in the social environment.
Behavioral Model of Motor Stereotypy in ASD
Behavior analytic theories conceptualize motor stereotypies as operant behavior
developed and maintained by the consequences that follow the response (Rapp & Vollmer,
2005). Specifically, stereotypy is subsequently maintained by automatic reinforcement that arise
from the property of the behavior itself (Vaughn & Michael, 1982). Behaviors maintained by
automatic reinforcement are challenging to reduce because reinforcers are inaccessible and
cannot be objectively scored or directly manipulated (Vollmer, 1994). Hand flapping may be
maintained by the sensations caused by the movement of the hands, which can be difficult to
manipulate within an intervention (Lanovaz & Sladeczek, 2012). Furthermore, the precise
reinforcer that sustains the behavior is often difficult to determine. Children who exhibit handmouthing may be reinforced by the automatic qualities of sensory input to their hands and/or the
automatic reinforcement of sensory input to their mouths (Kennedy, Meyer, Knowles, & Shukla,
2000).
Stereotypic behaviors that share a specific response topography, however, do not
necessarily belong to a predetermined response class. Rather, they vary widely in form and
across individuals, setting, and time. Often, the function of motor stereotypies is determined by
functional analyses (Rapp & Vollmer, 2005) that manipulate variables in the environment that
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influence the occurrence of behaviors (Iwata, Dorsey, Slifer, Bauman, & Richman, 1994).
Motor stereotypies may function due to positive reinforcement maintained by stimuli such as
attention or access to tangible rewards (Cooper, Heron, & Heward, 2007). A child may continue
to hand-flap because the teacher states, “Don’t do that” (Kennedy, Meyer, Knowles, & Shukla,
2000). This social consequence of attention, although unpleasant, is a form of positive
reinforcement. Motor stereotypies can also be maintained by negative reinforcement, which
occurs when aversive stimuli are removed, increasing the likelihood of the behavior in the future.
Spinning an object may be negatively reinforced if it allows the child to escape or avoid
academic tasks (Durand & Carr, 1991; Kennedy, Meyer, Knowles, & Shukla, 2000; Cooper,
Heron, & Heward, 2007). Stereotypy can also be maintained by multiple functions. Kennedy
and colleagues (2000) demonstrated that motor stereotypy allowed a child to escape as well as
gain adult attention and occurred in the absence of any environmental stimulation. This proposes
the importance of determining the function of behaviors prior to developing treatment for
stereotypic behaviors.
Functional Analysis
Functional analyses are vital to treatment planning because they help determine the
function of motor stereotypies by manipulating variables in the environment (Iwata & Dozier,
2008). The functional analysis procedure was initially developed by Iwata, Dorsey, Slifer,
Bauman, and Richman (1994) to identify controlling variables of behavior problems in applied
settings. The standard protocol of functional analysis includes four conditions: attention,
demand, alone, and play. The attention condition determines whether the child engages in motor
stereotypy in order to receive attention from others. The demand condition investigates if the
child engages in motor stereotypy during academic or similar work in order to “escape” from
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tasks. In the alone condition, the child is in a room by himself or herself to determine if motor
stereotypy is maintained by automatic reinforcement. An ignore condition is frequently
substituted for the alone condition, as a clinician is present in the room with the child but does
not interact with the child in any manner. Last, the play condition serves as the control, at which
time the child has free access to preferred toys, with no delivery of demands, and the clinician’s
non-contingent attention.
Upon completion of the functional analysis, data are analyzed to identify the function of
behavior based on patterns of responding. Generally, if rates of engaging in motor stereotypy are
significantly elevated in one condition than in other conditions, the contingency operating in that
condition is inferred to be the maintaining event. It is also possible that motor stereotypy is
maintained across all conditions or may not appear with sufficient frequency to identify a
function. Undifferentiated patterns of responding could indicate that motor stereotypy is
maintained by multiple functions, including those that are socially and non-socially mediated.
When results from the functional analysis are deemed inconclusive, some authors advise
conducting multiple, consecutive alone or ignore conditions to confirm that the child engages in
consistently high rates of motor stereotypy in the absence of social contingencies (Iwata &
Dozier, 2008).
The use of experimental analysis, particularly for assessment of potentially harmful
behaviors such as SIBs, poses several technical and ethical challenges. First, at least two skilled
clinicians, one to observe and one to reliably implement the assessment conditions, are needed.
Second, functional analyses intentionally seek to evoke high rates of problem behavior. In the
case of SIBs, a priori decision must be arranged in which a condition will be terminated if harm
is occurring (Iwata et al., 1994). Caution must also be exercised regarding the possibility that
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repeated exposure to conditions may establish a new function for motor stereotypy not
previously learned in the child’s natural environment (Neef & Peterson, 2007). Le and Smith
(2002) suggest completing a risk assessment prior to implementing a functional analysis,
increasing staff training, minimizing participant risk with protective devices, and using latency
recording methods by terminating conditions following the first occurrence of the behavior,
rather than observing repeated occurrences of behavior.
A functional analysis may be used in conjunction with other methods such as behavioral
interviews specifically designed to aid in identifying the function of motor stereotypies
(Herzinger & Campbell, 2007). These methods allow clinicians to formulate preliminary
hypotheses regarding stereotypies from informants such as parents and teachers, which can be
supported or refuted by systematic observations. However, one disadvantage of these types of
rating forms is that they do not provide decision rules for developing hypotheses for motor
stereotypies; thus, there is little research on the psychometric properties of these measures
(Reese, Richman, Belmont, & Paige, 2005). Other potential weaknesses of interview forms
include bias, which can influence the outcome of results as the scale’s reliability and construct
validity are linked in part to the frequency and the topography of specific behaviors (Duker,
Sigafoos, Barron, & Coleman, 1998).
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Chapter 2: Measurement of Motor Stereotypy
Valid assessment instruments are essential to understanding the severity and occurrence
of motor stereotypies for research and treatment purposes. Unfortunately, few standardized
measures are specifically designed to assess these behaviors. First, no systematic attempt has
been made to examine the consistency of behaviors across different forms of measurement
including observations, interviews, rating forms, or within respondents such as parents and
teachers. Secondly, motor stereotypy is deﬁned and measured differently across models (Rapp
& Vollmer, 2005). Most studies based on operant conditioning use a functional deﬁnition of
stereotypy and rely on direct observation. In contrast, studies based on neurobiology use a
topographical deﬁnition of stereotypy that estimates the intensity, duration, and frequency using
rating scales and questionnaires (Minshawi, Hurwitz, Morriss, & McDougle, 2015). Given that
both models use different deﬁnitions and procedures, the results are difﬁcult to compare. Rapp
and Vollmer (2005) attempted to integrate the models by suggesting that behavioral observation
methods be adopted by proponents of the neurobiological model, but this concept fell short of
proposing a unifying model. Lastly, because motor stereotypies show significant variability
across individuals, there are few data to indicate their stability over time (Cuccaro et al., 2003).
Currently, there are no tools for clinicians or caregivers to easily, accurately, or reliably
monitor stereotyped behaviors (Sprague & Newell, 1996). Traditional measures of motor
stereotypies rely primarily on observation-based assessments and rating forms. Clinicians have
not solely relied on any particular rating form, but rather, implement a variety of instruments to
measure aspects of repetitive behavior. Most validated diagnostic measures contain subsections
devoted to capture global impressions of stereotypic frequency and severity. Table 1 outlines the
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most commonly used autism spectrum disorder (ASD) diagnostic measures specific to stereotypy
and observation methods, followed by a description of their psychometric properties.
Table 1
Parent Rating Forms and Observation Measures for ASD
Instrument
(Original Author)
Autism Behavior
Checklist (ABC; Krug,
Arick, & Almond,
1980).

Autism Diagnostic
Interview-Revised
(ADI-R; Lord, Rutter,
& LeCouteur, 1994)

Childhood Autism
Rating Scale (CARS;
Schopler & Reichler,
1971).

Description and Identified
Strengths and Weaknesses
ASD Specific Measures
A 57-item parent behavior checklist
for children ages 3-14 suspected of
ASD; seven items assess motor
stereotypy. Strength: Captures a
broad range of ASD
symptomology. Weakness: Low
correlations between clinical
observations and parental report.

Psychometric Properties

Reliability and validity from
original sample: Internal
Consistency = 0.83 (Stereotyped
subscale); split-half reliability =
0.74-0.87; split-half reliability =
0.30-0.70 (all subscales). Interrater reliability = 0.70- 0.95.
Discriminant validity = 0.570.97.
A 93-item semi-structured parent
Reliability and validity from
interview for children 2 years and
original sample: Internal
older. Fourteen items assess RRBs, Consistency = 0.54-0.84 (across
domain scores). Test-retest
including finger mannerisms,
unusual sensory interests, and SIBs. reliability = .09. Concurrent
Strength: Scores convert into
Validity = 0.74. Criterion
diagnostic criteria based on the
Validity: sensitivity = 1.0;
ICD. Weaknesses: Administration specificity > 0.97 in
discriminating children with
time can take up to 90 minutes;
parents may have difficultly
ASD versus non-ASD.
recalling retrospective data about
their child’s early development.
A 15-item parent questionnaire
Reliability and validity from
measuring behaviors related to
original sample: Internal
ASD symptomology. Two
Consistency: alpha coefficients
versions developed; one for
exceeding 0.90. Test-retest
children under 6 years, and the
reliability = 0.88 (total score)
second for children 6 years and
after 12-month interval. Alpha
older. Strength: Provides severity coefficients for childhood and
rating for RRBs. Weakness:
adolescence groups (r = 0.79,
Designed to identify more subtle
and r = 0.73, respectively).
characteristics of high functioning
Split-half reliability = 0.70.
forms of ASD.
Sensitivity = 98%. Inter-rater
agreement = 0.71, with items
ranging from 0.55 to 0.93.
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Table 1 continued
Instrument
(Original Author)
Gilliam Autism Rating
Scale (GARS-2;
Gilliam, 2005).

Description and Identified
Strengths and Weaknesses
A 56-item parent questionnaire for
individuals ages 3 to 22 years.
Strength: Widely used and
accepted by the American
Academy of Neurology, and the
Child Neurology Society.
Weakness: No emphasis on
adaptive levels, which can
influence ASD symptoms.

Modified Checklist for
Autism (MCHAT;
Robins, Fein, &
Barton, 1999).

A 23-item measure for children
between 16 and 30 months.
Strength: Used in American
healthcare systems. Weaknesses:
No measure of severity of
symptoms; confined to a single
condition; may be partly inflated
due to parental report.
A 65-iem measure for individuals
ages 2 ½ years through adulthood.
Strengths: Based on naturalistic
observation over time, development
of new forms (i.e., pre-school form
and adult self-report form) which
align with DSM-5. Weakness:
Majority of research limited to
School-Age form; further studies
needed for Preschool and Adult
forms.

Social Responsiveness
Scale (SRS-2;
Constantino & Gruber,
2013).

Behavior Problems
Inventory (BPI-01;
Rojahn, Aman,
Matson, & Mayville,
2003).

RRB Specific Measures
A 52-item parent rating scale used
to measure behavior problems.
Fourteen questions related to SIBs
and 24 for stereotyped behaviors.
Strength: Primary focus on
behaviors.
Weakness: Low internal
consistency.

Psychometric Properties
Reliability and validity from
original sample: Internal
consistency ranging from 0.88 to
0.96. Test-retest reliability =
0.81-0.93; mean value = 0.90.
Inter-rater reliability = 0.730.82. Convergent validity =
0.37-0.92. Discriminant validity
= 70%-80% of ASD (based on
subscale scores) and 90% (based
on total score).
Reliability and validity from
original sample: Internal
consistency = 0.85. Sensitivity =
0.87. Positive predictive power
= 0.80. Negative predictive
power of = 0.99.

Internal consistency for the
Preschool Age Form = 0.88
(parent reports) and 0.93
(teacher reports). Interrater
reliability r = 0.82 (parent and
teacher correlations). Test-retest
reliability was reported as r =
0.88. Interrater reliability was r
= 0.91 (mothers and fathers) and
r = 0.72 (parent and teacher).

Reliability and validity from
original sample: Internal
consistency = 0.64 and 0.63
(frequency and severity scales
for SIBs, respectively); 0.89 and
0.90 (Stereotyped Behavior
subscale); 0.92 and 0.90
(Aggressive/Destructive
Behavior subscale). Test-retestreliability = 0.18-0.96 (SIB).
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Table 1 continued
Instrument
(Original Author)
Repetitive Behavior
Scale-Revised (RBS-R;
Bodfish, Symons, &
Lewis, 1999).

The Stereotyped
Behavior Scale (SBS;
Rojahn, Tasse, &
Sturmey, 1997)

Autism Diagnostic
Observation Schedule,
2nd Edition (ADOS-2;
Lord, et al., 2012)

Description and Identified
Strengths and Weaknesses
A 43-item parent rating scale
measuring the degree of repetitive
behaviors in individuals with ASD.
Strengths: Current version includes
lower and higher order RRBs;
items adapted from the ADI-R.
Weaknesses: Original study based
on small sample size of subjects;
additional studies warranted.
A 24-item measure assessing
stereotyped behaviors in children
with ASD. Strength: Assesses the
severity of stereotyped behaviors.
Weakness: Limited studies have
implemented this measure for
young children with ASD.
Observational Method
Semi structured, standardized
observation measure of
communication, social interaction,
play/imagination, and RRBs for
individuals 12 months and older.
Strengths: The “gold standard”
measure supporting a diagnosis of
ASD; toddler module allows
administration for a wider client
population; comparison score also
added. Weaknesses: Module 4 not
updated due to lack of sample size;
no appropriate module for older
individuals who are lower
functioning.

Psychometric Properties
Reliability and validity from
original sample: Internal
consistency = 0.78 to 0.91.
Inter-rater reliability: 0.570.73. Test-retest reliability: r =
0.71.

Reliability and validity from
original sample: Internal
consistency = 0.82. Interrater
reliability = 0.75. Test-retest
intraclass coefficients (ICC) =
0.93 and 0.71.

Reliability and validity from
original sample: Internal
consistency (modules 1-3 for
Social Affect scale) = 0.87-0.92;
0.51-0.66 (RRB subscale);
Toddler module Social Affect
scale = 0.88-.090, 0.50-0.65 for
RRB domain. Test-retest
reliability = 0.64-0.88 (total
scores); test-retest reliability =
0.64-0.88 (Toddler module).
Construct validity = 0.50-0.88
(modules 1-4). Predictive
validity: Sensitivity = 60%95%; specificity = 75%-100%;
sensitivity and specificity = 86%
and above (Toddler module).

Implications of Rating Forms/Interviews
As indicated in Table 1, a variety of ASD diagnostic rating scales are available to
measure core features of ASD, including restricted interests and repetitive behaviors (RRBs).
While many of these instruments can be administered for very young children, stereotyped
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behaviors may be difficult to detect due to variability of symptoms, low incidence of behaviors,
and reports of unaffected motor milestones (Dixon, Garcia, Granpeesheh, & Tarbox, 2009).
Furthermore, some rating forms, such as the CARS, may be more appropriate in detecting subtle
symptoms of ASD and higher order RRBs associated with high-functioning ASD (Chelbowski,
Green, Barton, & Fein, 2010). In addition, while parent reports consider a wider time frame in
which motor stereotypies may occur, parents must have the ability to recognize and identify
these behaviors. It is noted that parents with young children with ASD may not always
recognize atypical behaviors compared to clinicians (Kim & Lord, 2010). Parents may also have
difficulty recalling retrospective developmental history of their children, especially on measures
like the ADI-R, suggesting that stereotyped behaviors may be better identified using clinician
based observations in conjunction with parent reports (Bennett, Sullivan, & Lewis, 2006).
Parent/Teacher Discrepancies
While rating scales are useful in identifying motor stereotypy in different environments,
several characteristics of parent and teacher ratings raise concerns with potential biases and
discrepancies. From a measurement standpoint, informant rating scales are subjective, may have
questionable accuracy, and fail to capture inter-individual variations in the form, amount, and
duration of stereotypic behaviors (Pyles, Riordan, & Bailey, 1997). Furthermore, compared to
other informants, studies show that parents report more ASD symptomatology in their children
(Re & Cornoldi, 2009; Sims & Lonigan, 2013). Teacher reports are also an important source of
information due to observing motor stereotypic behaviors in multiple settings (Evans, Allen,
Moore, & Strauss, 2005) as well as allowing for a direct comparison of the child’s behavior to
his/her same aged peers (Sims & Lonigan, 2013). Teacher reporting, however, may be subjected
by extraneous variables and/or over reporting (Phillips & Lonigan, 2010; Sims & Lonigan,
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2013). Inter-rater discrepancies have also been documented between teacher and parent ratings
of children diagnosed with intellectual disabilities (Netson et al., 2011). This may be due to
factors such as the child’s age, the type of behavior reported, and differing contexts between the
home and school environments. Furthermore, discrepancies may be due to parents and/or
teachers under-rating the child’s behavior, which may be attributed to lowered behavioral
expectations provided the child’s known ASD diagnosis. Similarly, over-rating may occur due
to greater parental distress and exhaustion (Deb, Dhaliwal, & Roy, 2008).
Observation-Based Assessments
Observation-based assessments are most commonly used to measure the topography,
frequency, duration, and severity of motor stereotypies (Ahearn, Clark, MacDonald, & Chung,
2009). Currently, the ADOS-2 is the “gold standard” observation-based measure to support a
diagnosis of ASD (Lord, 1995). Observation-based assessments such as the ADOS-2 are often
used concurrently with validated parent measures such as the ADI-R (Rutter, Le Conteur, &
Lord, 2003). However, it is important to consider the differences in measurement of behaviors.
For instance, the ADOS-2 examines a small number of motor stereotypies directly observable
and known to be highly sensitive to the identification of ASD; in contrast, parent rating forms
often examine a wide range of repetitive behaviors. A child may demonstrate little ASD specific
repetitive behaviors during the ADOS-2, but parents may score highly on questionnaires when
the wider range of behaviors are considered. The ADOS-2 measures behaviors observed during
the assessment while parent-report measures examine all repetitive behaviors a child typically
exhibits during the day. This indicates the importance of collaborating results from both
observation-based assessments and rating forms. Table 2 lists common rating forms that aid in
identifying functions of behavior.
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Standardized Interview Measures Used to Determine Function(s) of Stereotypies
Instrument
Description
Psychometric Properties
(Original Author)
Functional Analysis
A 41-item parent
Reliability and validity from
Checklist (FAC; Van
questionnaire assessing
original sample: Test-retest
Houten, Rolider, &
function of behavior,
reliability = 0.60-.100. InterIckowitz, 1989).
including escape/demands and rater reliability = 0.43-.085
positive reinforcement.
Functional Assessment
An interview form used for
Reliability and validity from
Interview (FAI; O’Neill et caregivers and teachers.
original sample: Test-retest
al., 1997)
Eleven sections solicit
reliability = 0.95. Inter-rater
information about problem
reliability = 0.78.
behaviors, setting events,
immediate antecedents and
consequences that maintain
behaviors.
Functional Analysis
A 16-item informant
Item-by-item comparisons
Screening Tool (FAST;
questionnaire assessing
between informants = 71.5%
Iwata, DeLeon, & Roscoe, antecedent and consequent
(range, 28.6%-100%);
2013)
events that may be correlated majority of agreement scores
with the occurrence of motor
fell between 61% and 80%;
stereotypy.
questions concerning
antecedent events more
reliable (M = 78.9%) than
questions about consequent
events (M = 67.7%); overall
correspondence between
FAST and functional analysis
outcomes were 69.8%.
Motivation Assessment
A 16-item parent measure
Reliability and validity from
Scale (MAS; Durand &
including subscales of
original sample: Inter-rater
Crimmins, 1992)
attention, escape, tangibles
reliability percentage
and sensory consequences
agreement = 92.14;
based on a Likert scale.
Reliability = 0.41 across all
items; correlation coefficients
for the scale totals across
participants = 0.51 (Sensory),
0.36 (Escape), 0.11
(Attention), and 0.49
(Tangible); Internal
consistency = 0.68 (Sensory),
0.73 (Escape), 0.75
(Attention), and 0.86
(Tangible).
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Table 2 continued
Instrument
(Original Author)
Questions About
Behavioral Function
(QABF; Matson &
Vollmer, 1995).

Description

Psychometric Properties

A 25-item measure designed
for individuals with ID.
Behaviors can be maintained
by the following functions:
attention, tangible, physical,
escape, and non-social.

Reliability and validity from
original sample: Inter-rater
reliability = 0.61 (Attention),
0.63 (Tangible), .60
(Physical), 0.66 (Escape), and
0.58 (Non-social); Internal
consistency = 0.84
(Attention), 0.83 (Tangible),
0.78 (Physical), 0.77
(Escape), and 0.62 (Nonsocial).

Continuous and Time-Sampling Assessments
In conjunction to rating forms, systematic observation strategies may be used to identify
the topography, frequency, and severity of motor stereotypies. For instance, continuous
observation methods record each instance of stereotyped behavior by its occurrence (i.e.,
frequency recording) or by the number of seconds each instance of behavior occurs (i.e., duration
recording). Behavior is reported in standard scientific units, such as responses per minute
(Johnston & Pennypacker, 2009). Another method is time-sampling, which captures only a
small behavior during an observation. This involves dividing an observation into equal duration
intervals and scoring the occurrence or non-occurrence of stereotyped behaviors within each
interval (Mudford, Taylor, & Martin, 2009). Three variants of time-sampling assessments
include partial-interval recording (PIR), which defines behavior if it occurs at any time during
the interval, whole-interval recording (WIR) which observes the behavior for the entire duration
of the interval, and momentary-time sampling (MTS) which defines occurrence of behavior only
if it occurs as the interval ends. These systems measure behaviors by calculating the percentage
of intervals during which motor stereotypy was scored. Because time-sampling involves only a
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sample of ongoing behavior, concerns about measurement accuracy and sensitivity are inherent.
Other disadvantages include the absence of recording antecedents or consequences of the
stereotyped behavior, which are necessary to develop effective treatments.
Implications of Observation-Based Assessments
While observation-based methods aid in capturing the breadth of stereotyped behaviors in
children with ASD, several factors limit their reliability. This includes reduced ability to
accurately document rapid stereotypies, difficulty observing simultaneous motor movements,
and, limited capacity to identify when movements begin and end (Sprague & Newell, 1996).
While alternative methods such as video recording may be more reliable than rating forms and
some direct observation methods, they are tedious and time-consuming, especially if a narrative
account is required (Arndorfer & Miltenberger, 1993; Gardner, Burton, Wilson, & Ward, 2000).
Kientz, Hayes, Westeyn, Starner, & Abowd, 2007). Other challenges of direct observation
include diversity of observation contexts, behavior sampling, and scoring methods (e.g., direct,
indirect, structured, semi structured, unstructured). Difficulties with observation-based
assessments were illustrated in a study by Gardenier, MacDonald, and Green (2004) who
compared PIR and MTS estimates of actual durations of stereotypic behavior in young children
with ASD. The PIR method overestimated the relative duration of stereotypy, while MTS both
over and underestimated the relative duration of stereotypy, highlighting issues with observation
techniques. In addition, if the stereotyped behavior is of low frequency, it may not occur during
the period of observation (Tarbox, Wallace, & Williams, 2003); thus, observation methods may
be more effective for high-frequency, low-intensity behaviors (Matson & Nebel-Schwalm,
2007). Furthermore, another issue is the use of operational definitions. For instance, if the
operational definition of motor stereotypy is not explicitly defined, it is likely that there will be
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great disparity among observers (Romanczyk, Kent, Diament, & O’Leary, 1973).
Progress is needed in developing measurement tools for motor stereotypy as well as
replication and comparison across methods. An important factor for future research is to reach a
consensus on the operationalization of interview, questionnaire, and observational measures,
which can lead to greater accuracy in comparison across studies. Current ASD specific measures
are not isolated to motor stereotypies, while rating forms specific to RRBs need further research
to establish their psychometric properties. A collaborative approach of rating forms and
observations should be implemented, and clinicians should be wary of relying on only one type
of method.
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Chapter 3: Interventions for Motor Stereotypy
Provided the complex nature of motor stereotypies, a variety of interventions are
necessary (Kennedy et al., 2000; Horner, Carr, Strain, Todd, & Reed, 2002). This is especially
important as treatment for these behaviors are less likely targeted compared to the social and
communication domains of autism spectrum disorder (ASD; Lewis & Kim, 2009). Motor
stereotypy exhibited by children with ASD have been reduced or eliminated by a variety of
techniques, including pharmacologic treatments, cognitive approaches, alternative treatments,
and behavior analytic methods.
Pharmacological Interventions for Motor Stereotypy in ASD
The use of pharmacological drugs is widespread among children with ASD, with rates
estimated at 70% for children with ASD age 8 and older in a given year (Oswald & Sonenklar,
2007). There is currently limited evidence that any class of medication is effective in improving
core symptoms of ASD and only minimal support for some medication effectiveness in treating
related symptoms (Mandell et al., 2008). One drug, risperidone, is the only FDA approved
medication for treatment of aggression and irritability in ASD (McCracken, McGough, & Shah,
2003), which has shown to reduce behaviors caused by self-injury (Sparrow, Balla, & Cicchetti,
1984). Adverse effects of risperidone treatment in these studies were relatively mild, with the
most common and significant being weight gain, although a range of other side effects have also
been reported, including increased somnolence (Weeden, Ehrhart, & Poling, 2009).
Antidepressants are the most commonly prescribed classes of psychoactive medication
for ASD (Aman, Lam, & Van Bourgondien, 2005; Oswald & Sonenklar, 2007). The rationale
lies in the hypothesized dysregulation of serotonin levels in ASD and their effectiveness in
reducing repetitive behaviors in OCD (Soorya, Kiarashi, & Hollander, 2008). This class of drugs
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have largely replaced typical antipsychotics because of the significantly lower risk of
extrapyramidal syndrome and tardive dyskinesia (Posey, Stigler, Erickson, & McDougle, 2008).
A review of the literature on the use of serotonin reuptake inhibitors (SSRIs) found no
improvements in stereotyped behaviors, though some children showed improvements in
functional impairments (Moore, Eichner, & Jones, 2004). Furthermore, a study by Miguel,
Clark, Tereshko, and Ahearn (2009) investigated the effects of another SSRI, sertraline, on
stereotypy versus using response interruption and redirection strategies. Results showed that
removal of sertraline did not disrupt low levels of motor stereotypy, indicating that sertraline
alone may not be effective in reducing these behaviors. Additional research is needed to
determine whether antidepressants such as SSRIs have the potential to reduce motor stereotypies
among individuals with ASD.
Partly due to the high rate of attentional difficulties in children with ASD, stimulants are
commonly used to treat symptoms of inattention and impulsivity in ASD (Oswald & Sonenklar,
2007; Mandell et al., 2008). A randomized, placebo-controlled crossover study of stimulant
medication methylphenidate showed improvement in treating inattention and hyperactivity, with
no exacerbation of repetitive behaviors (Santosh, Baird, Pityaratstian, Tavare, & Gringras, 2006;
Ghuman et al., 2009). Another double-blind crossover study using placebo and two
methylphenidate doses did not indicate worsening stereotypic movements (Quintana et al.,
1995). Two reviews reported the effectiveness of opioid antagonists (Symons, Thompson, &
Rodriguez, 2004; El Chaar, Maisch, Gianni, & Wehring, 2006), both of which concluded that
naltrexone is effective for SIBs, while one case study reported an increase in SIBs after
naltrexone treatment (Benjamin, Seek, Tresise, Price, & Gagnon, 1995).
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Furthermore, memantine, a psychoactive medication that is an NMDA glutamate receptor
antagonist, has been hypothesized to reduce glutamatergic activity that could result in improved
symptoms of ASD. In one study, memantine reduced some stereotypical behaviors in
individuals with ASD, with no notable side effects (Chez, Dowling, Patel, Khanna, & Kominsky,
2007). However, this was an uncontrolled study, suggesting that further research is needed to
determine the possibility of this medication for treatment for stereotyped behaviors in ASD.
Although results from these studies are promising, the effectiveness of each of these
drugs warrant further investigation. It is important to note that the use of medication in
conjunction with behavioral treatments is likely to reduce motor stereotypies compared to
medication alone (Miguel et al., 2009). Furthermore, other considerations include completing
medical evaluations to ensure no underlying factors exist (Guess & Carr, 1991) as motor
stereotypies may increase with illness such as ear infections (Berkson, Tupa, & Sherman, 2001)
and physical discomfort such as menstruation (Guess & Carr, 1991). Furthermore, given that
children with ASD have comorbid diagnoses, it is important to consider the interaction of
multiple medications that can cause adverse side effects, or exacerbate these behaviors.
Cognitive Therapies for Motor Stereotypy in ASD
Compared to pharmacological treatments, little information is available regarding
cognitive treatment options for motor stereotypies in children with ASD (Lewis & Bodfish,
1998). Some propose implementing therapies used to treat repetitive behaviors, specifically
Cognitive Behavioral Therapy (CBT; Rapport et al., 2000). To date, only two published studies
have administered CBT techniques to reduce “repetitive-like behaviors” in children with
comorbid ASD and OCD (Reaven & Hepburn 2003; Lehmkuhl, Storch, Bodfish, & Feffken,
2008). Treatment consisted of exposure and response prevention (ERP) including gradual and
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in-vivo exposure to feared stimuli based on a hierarchy and blocking the child from refraining in
repetitive behaviors during exposure.
While these studies demonstrated a significant reduction in ritualized behaviors, it is
unknown if CBT can be useful in reducing motor stereotypies. Treatment may need to consider
several variables, including severity of ASD symptoms, cognitive ability, language ability, age,
and temperament on treatment outcomes. Furthermore, children in these case studies were older
and had average language and intellectual abilities. Given that young age and lower intellectual
ability are moderators of motor stereotypy in ASD (Gabriels et al., 2005; Esbensen, Seltzer,
Lam, & Bodfish, 2009; Hus & Lord, 2013), the majority of these children may respond less
favorably to CBT.
Complementary and Alternative Medicine (CAM) for Motor Stereotypy in ASD
Complementary and alternative medicine (CAM) therapies have also been used to reduce
motor stereotypy. Rates of CAM therapies are estimated at 52% for children with ASD,
compared to 28% of children without ASD, with 75% of parents reporting these therapies as
beneficial (Wong & Smith, 2006). One of the most commonly used forms of CAM involves
dietary changes, either supplements or restrictions, with the goal of improving behavioral
symptoms of ASD. Evidence for the effectiveness of these methods, however, are lacking. A
trial of omega-3 fatty acid supplementation of individuals with ASD found no improvements in
stereotyped behaviors, despite pilot evidence for potential positive effects in children (Politi et
al., 2008). In fact, some studies reported that sensory diets resumed motor stereotypy at levels
similar or higher than baseline (Stagnatti, Raison, & Ryan, 1999). Furthermore, a trial of glutenand casein-free diet in children with ASD found no significant changes in objective measures of
stereotyped behavior despite parent report of improvement (Elder et al., 2006).
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Another alternative approach is sensory integration therapy (SIT; Ayres, 1979), which is
used in upwards of 70% of children with ASD (Green et al., 2006). Based on Ayres’ theory
(1979), children with ASD engage in motor stereotypies due to dysfunction of sensory input. To
normalize sensory input, several SIT treatments are used, including weighted vests, brushing,
and applying deep pressure to the skin and joints using compression techniques (Wilbarger &
Wilbarger, 1991; Bundy, Lane, & Murray, 2002). A recent review by Lang et al. (2012) found
that out of 25 studies using SIT, 14 reported no change in behavior, four reported increased
stereotypical behaviors, eight reported mixed results, and only three reported positive results.
Further research has shown that SIT lacks efficacy (Kane, Luiselli, Dearborn, & Young, 2004;
Carter, 2005; Cox, Gast, Luscre, & Ayres, 2009; Leew, Stein, & Gibbard, 2010; Reichow,
Barton, Sewell, Good, & Wolery, 2010; Hodgetts, Magill-Evans, & Misiaszek, 2011; Pfeiffer et
al., 2011; Quigley, Peterson, Frieder, & Peterson, 2011; Wallen & Joosten, 2012). Despite the
results of these studies, SIT continues to be widely used for children with ASD (Green et al.,
2006; Hess, Morrier, Heflin, & Ivey, 2008).
Behavior Analytic Interventions
Of the currently evidenced-based treatments for motor stereotypy for children with ASD,
behavioral interventions show some of the best empirical support (Eldevik et al., 2010).
Behavioral interventions for reducing motor stereotypy are categorized by antecedent- and
consequent-based interventions. Antecedent-based interventions modify conditions in the
environment by increasing the availability of reinforcement or altering the effectiveness of
reinforcers; consequent-based interventions manipulate the consequences that maintain
stereotypy (Cooper, Heron, & Heward, 2007). Antecedent-based interventions include
environmental enrichment, stimulus matching, cues, and physical activity. Environmental
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enrichment increases stimulation in the environment with stimuli that compete with the
reinforcing value of stereotypic behaviors (Repp, Felce, & Barton, 1988; Piazza, Adelinis,
Hanley, Goh, & Delia, 2000; Rapp & Vollmer, 2005). Several studies have shown the
effectiveness of environmental enrichment in reducing several forms of automatically reinforced
motor stereotypies (Berkson & Davenport, 1962; Vollmer, Marcus, & LeBlanc, 1994; Piazza et
al., 2000). However, this type of treatment may not be promising for children who lack acquired
play repertoires due to lack of engagement with alternative stimuli. Engagement with alternative
items may also compete with social interaction in the same manner as stereotypy and may
inadvertently increase untargeted stereotypy (Rapp & Vollmer, 2005).
Another type of treatment, stimulus matching, selects items based on the extent to which
they match hypothesized sensory consequences of the child’s motor stereotypy. That is,
reinforcers that compete or substitute the sensory stimulation of motor stereotypy are presented
(Fisher, Lindauer, Alterson, & Thompson, 1998). Several studies have utilized stimulus
matching as a method to reduce motor stereotypy (Favell, McGimsey, & Schell, 1982; Fisher et
al., 1998; Piazza et al., 2000). A limitation of this intervention is promoting socially
inappropriate forms of play to replace stereotyped behavior (Piazza et al., 2000). For example,
replacing saliva play with a task such as playing with shaving cream may be deemed
developmentally inappropriate. Furthermore, the controlling mechanism behind stereotypy
reduction is unclear as to whether matched items compete with or act as a substitute for the
stimulation. Further research is needed to examine significant differences between competitive
and substitutable reinforcers, which may be idiosyncratic across children. Verbal and visual
cues have also reduced stereotypic responding in children with ASD (MacDuff, Krantz, &
McClannanhan, 1993; Pierce & Schreibman, 1994). In one study (Conroy, Asmus, Sellers, &
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Ladwig, 2005), a child’s engagement in hand-flapping decreased when a visual schedule was
used in the classroom to indicate times he was allowed and not allowed to engage in the
behavior. This intervention, however, may not be appropriate for behaviors that are selfinjurious.
One of the more replicated ﬁndings in the antecedent-based literature is the effect of
physical activity (Lang et al., 2012). In this type of intervention, the child engages in an exercise
routine (e.g., jogging, roller skating) prior to participating in a subsequent task or activity
associated with stereotyped behavior (Kern & Dunlap, 1984). Physical activity shows significant
improvements for children with ASD in academics (Nicholson, Kehle, Bray, & Heest, 2011;
Oriel, George, Peckus, & Semon, 2011), social skills (Bass, Brown, & Laurson, 2010), out of
seat behaviors (Harris, Handleman, Gordon, Kristoff, & Fuentes, 1991), and SIBs (Elliot,
Dobbin, Rose, & Soper, 1994). The evidence of the maintenance of this intervention, however,
is unclear (Prupas & Reid, 2001). Lang and colleagues (2012) proposed that reductions may be
an artifact of fatigue and that physical activity may provide the child access to the same intrinsic
reinforcers as stereotyped behaviors. Another possible explanation is the arousal theory.
Specifically, it is postulated that individuals with ASD engage in stereotypic behavior to
attenuate arousal levels, depending upon the environmental circumstance (Turner, 2009).
Engaging in physical exercise may decrease the need to engage in stereotypy because it
modulates level of arousal, but further research is needed to identify the role of arousal on
stereotyped behaviors (Rogers & Ozonoff, 2005).
Consequent-based interventions are more commonly used in the applied literature for
treatment of motor stereotypy (Iwata & Dozier, 2008). Several treatments are used, including
differential reinforcement, response blocking, timeout, overcorrection, auditory stimulation,
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response cost, and response interruption and redirection (RIRD). Differential reinforcement
procedures include reinforcing the absence of motor stereotypy for a specific interval of time
(Cooper, Heron, & Heward, 2007) engaging in an alternative behavior or incompatible behavior
(Skiba, Pettigrew, & Alden, 1971). While studies demonstrate the efficacy of differential
reinforcement in reducing motor stereotypies (Cowdery, Iwata, & Pace, 1990; Donnelly &
Olczak, 1990; Wacker et al., 1990), much of this depends on the ability of the alternative
reinforcer to compete with the stereotypy (Vollmer, 1994). That is, they require identification of
reinforcers with stronger reinforcing values than those maintaining motor stereotypy (Repp &
Deitz, 1974). Also, differential reinforcement procedures are not as ineffective in the absence of
other treatment components, such as extinction (Vollmer, Marcus, & LeBlanc, 1994; Vollmer,
Ringdahl, Roane, & Marcus, 1997; Lindberg, Iwata, Kahng, & DeLeon, 1999; Britton, Carr,
Landaburu, & Romick, 2002). With extinction, the reinforcement that maintains the stereotyped
behavior is discontinued via the withholding of that reinforcer (Sidman, 1960). In the case of
motor stereotypy maintained by attention, for example, the clinician would withhold comments
or eye contact contingent on instances of motor stereotypy.
Response blocking physically blocks access to motor stereotypy by blocking the child’s
head, hands or legs. This procedure is appropriate for specific forms of motor stereotypy such as
SIBs due to the feasibility and practicality to block the occurrence of behaviors (Purpas & Reid,
2001; Smith et al., 2009). In one study (Lerman, Iwata, Shore, & Kahng, 1996), the clinician’s
hands were placed 2 centimeters in front of a child’s mouth to prevent hand mouthing. Results
indicated that hand mouthing decreased rapidly to near zero levels when responses were blocked
on every instance. Other studies have also found response blocking as an effective punishment
procedure (Hagopain & Adelinas, 2001; Lerman, Kelley, Vorndran, & Van Camp, 2003).
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Another type of punishment-based intervention, isolation timeout, is appropriate for motor
stereotypies maintained by social contingencies. Timeout removes a child from a reinforcing
situation contingent upon the occurrence of motor stereotypy. In an early study by Pendergrass
(1972), a 2-minute timeout was used contingent on a child’s repetitive behavior of string
twirling. Timeout reduced the overall frequency of this behavior, supporting the idiosyncratic
functions of motor stereotypies.
When results from a functional analysis are inconclusive, a treatment often used is
overcorrection (Foxx & Azrin, 1973). The focus of overcorrection is to remove the child from
the reinforcing consequences of stereotypy by requiring practice of responses that are
incompatible with the stereotypic responses. If a child engages in hand mouthing, he or she must
practice correct forms of behavior, which may include moving the hands in specific directions
(Cole, Montgomery, Wilson, & Milan 2000). A substantial amount of research has shown
reduction in motor stereotypy (Foxx & Azrin, 1973; Doleys, Wells, Hobbs, Roberts, & Cartelli,
1976; Wells, Forehand, Hickey, & Green, 1977; Carey & Bucher, 1981; Peters & Thompson,
2013; Montgomery et al., 2014; Jeffries, Crosland, & Miltenberger, 2015). Another method,
response cost, removes a preferred item contingent upon the occurrence of stereotypic behaviors.
In one study, Rapp (2005) removed television time, which was a preferred activity for a child
who displayed body rocking and hand flapping. The removal of the television reduced body
rocking, but produced concomitant increases in hand flapping, indicating that while the target
topography of stereotypy may decrease, non-targeted topographies of stereotypy may increase.
While the aforesaid interventions have resulted in decreased occurrences of automatically
maintained motor stereotypy, these treatments are often labor intensive and difficult to maintain
over long periods of time (Goh et al., 1995; Shore, Iwata, DeLeo, Kahng, & Smith, 1997; Piazza,
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Adelinis, Hanley, Goh, & Delia, 2000). A behavior treatment gaining empirical support in
reducing motor stereotypies is RIRD (Ahearn, Clark, MacDonald, & Chung, 2007; Liu-Gitz &
Banda, 2009; Miguel, Clark, Tereshko, & Ahearn, 2009; Ahrens, Lerman, Kodak, Worsdell, &
Keegan, 2011; Cassella, Sidener, Sidener, & Progar, 2011; Schumacher & Rapp, 2011; Colón,
Ahearn, Clark, & Masalsky, 2012; Dickman, Bright, Montgomery, & Miguel, 2012; Love,
Miguel, Fernand, & LaBrie, 2012) and the focus of the current study.
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Chapter 4: Response Interruption and Redirection (RIRD)
Developed by Ahearn, Clark, MacDonald, and Chung (2007), response interruption and
redirection (RIRD) was designed to decrease motor and vocal stereotypy maintained by
automatic reinforcement. RIRD consists of two components; the first component, response
interruption, is based on response blocking techniques that have been used for other types of
aberrant behaviors for individuals with developmental disabilities (Rincover, Cook, Peoples, &
Packard, 1979). The second component, response redirection, is similar to positive practice as
the individual is required to engage in the correct response repeatedly for a certain number of
times (Foxx & Azrin, 1973). Specifically, the experimenter provides demands involving socially
acceptable incompatible responses; this component eliminates the individual from continuing to
engage in stereotypy. Both mechanisms are considered necessary for treatment success because
response blocking alone is associated with negative side effects including aggressive behavior
and emotional outbursts (Hagopain & Adelinis, 2001). RIRD is a punishment-based procedure
because frequent presentations of motor demands function as aversive stimuli (Ahrens, Lerman,
Kodak, Worsdell, & Keegan, 2011). Behavior change occurs because RIRD reduces contact with
the automatic consequences maintaining the behavior during treatment. In addition, engaging in
incompatible motor demands compete with the occurrence of motor stereotypy and function to
reduce aberrant behaviors (Dickman et al., 2012). Redirecting the behavior and teaching the
individual an incompatible response decreases the likelihood of motor stereotypy because it is
difficult for the child to complete motor tasks and exhibit motor stereotypy simultaneously.
Several studies indicate positive outcomes with RIRD. For instance, Ahrens, Lerman,
Kodak, Worsdell, and Keegan (2007) implemented RIRD for four children with autism spectrum
disorder (ASD) after functional analyses indicated that motor stereotypy was maintained by
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automatic reinforcement. The experimenters evaluated the effectiveness of RIRD using an
ABAB reversal design. During RIRD intervention sessions, motor tasks were delivered
contingent on stereotypy, resulting in significant reductions compared to baseline levels.
Furthermore, follow-up data indicated that stereotypy occurred at lower rates in the natural
environment during post-intervention probes. Schumacher and Rapp (2011) evaluated the
effects of RIRD within a three-component multiple-schedule for two young children with ASD.
The baseline condition consisted of a no-interaction sequence in which the experimenter was
present in the room with the child but did not interact with him. During the RIRD conditions, the
first and third components were implemented identically to the no-interaction condition. RIRD
tasks were delivered during the second component, which consisted of the child engaging in
previously acquired motor demands contingent on motor stereotypy. Findings indicated an
overall decrease in motor stereotypy across the first and third baseline conditions when RIRD
was removed; this was observed across both participants.
In addition, Lui-Gitz and Banda (2010) implemented RIRD for a 10-year-old child with
ASD engaging in motor stereotypy in the form of hand flapping in the classroom setting. A
reversal design was used in which the participant’s teacher conducted all RIRD sessions in the
classroom. Results indicated that motor stereotypy decreased from 41% to 9% of 5-minute
intervals with intervention, suggesting the effectiveness and feasibility of RIRD for children who
are not in one-to-one academic settings. Miguel, Clark, Tereshko, and Ahearn (2009) compared
the effects of RIRD treatment with a selective serotonin reuptake inhibitor (SSRI), sertraline, to
decrease stereotypy in a 4-year-old child with ASD. The authors evaluated the effects of RIRD
and removal of sertraline on stereotypy using an ABABC reversal design. In Condition A, SSRI
was used alone; during Condition B, SSRI was used in conjunction with RIRD; and in Condition
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C, the dosage of the SSRI was tapered until removed, and RIRD was used alone. During
baseline (i.e., SSRI medication alone), the occurrence of stereotypy averaged 49% throughout
the intervals. When RIRD was implemented with SSRI, the average dropped to 11.6%.
Stereotypy levels returned to baseline when RIRD was removed and decreased when RIRD was
implemented. When the SSRI medication was tapered, and removed, there was no significant
change in stereotypy levels. That is, the average allocation of time engaged in stereotypy
remained at minimal levels. Results indicated that sertraline did not provide added effects as
motor stereotypy levels were similar across the RIRD and sertraline, and RIRD only conditions.
This supports that RIRD was the active agent of change in the sertraline plus RIRD intervention
package.
Generalization and RIRD
While RIRD has shown to be effective in reducing motor stereotypy, one potential
drawback to RIRD is that behavior reduction may not easily generalize across other settings,
such as the home, school and community, or people including parents, teachers, and other
therapists. Generalization is acquired when behavior change occurs across environments,
spreads to related behaviors, and lasts over time (Stokes & Baer, 1977). Generalization is an
integral part of intervention because it allows for the learned behavior to occur or not occur
under different non-training situations. Stokes and Baer (1977) outlined nine strategies to
increase generalization, with one of the most common techniques in the ASD literature being
sequential modification (Matson, Dempsey, & Fodstad, 2009). This technique consists of
generalization probing (GP) across different contexts after behavior change has occurred. That
is, an intervention is conducted, behavior change occurs, and GP is conducted under conditions
in which generalization is desired, including settings, stimuli, and people. If generalization has
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not occurred across desired contexts, training is continued until the desired response is exhibited.
Specific to RIRD, studies assessing GP have not been successful. For instance, Shawler and
Miguel (2015) implemented RIRD for motor stereotypy in four children with ASD using a
multiple treatment reversal design. While motor stereotypy reduced in the treatment setting,
these results did not generalize when probed in the natural environment as indicated by parent
reports. Rehfeldt and Chambers (2003) also reported similar results of motor stereotypy
returning to baseline levels after implementing a differential reinforcement plus extinction
treatment package for a young boy with ASD. That is, behaviors did not transfer across different
contexts or people. Casella, Sidener, Sidener, and Progar (2011) replicated Ahearn’s study
(2007) by delivering one-step motor demands contingent on motor stereotypy for two young
boys with ASD. While stereotypy decreased during RIRD intervention, behavior reduction did
not generalize when participants were in novel settings and with novel instructors with whom
and where RIRD had not been used in previously.
Generalization in ASD
Acquiring generalization of behaviors for children with ASD may be difficult for several
reasons. First, measurement of generalization in studies with children with ASD are limited.
Arnold-Sariepe, Phillips, Mudford, Roazario, and Tayler (2009) reviewed articles published in
the Journal of Applied Behavior Analysis from 2003 to 2009 {Vol. 36–Vol. 41 (2)} with children
with ASD. They identified 43 articles and reported that generalization and maintenance were not
measured in 42% of the reviewed publications. Generalization was programmed in 26% of the
studies including sequential modification, while 32% of articles measured generalization and
maintenance with the use of “training and hoping” (Stokes & Baer, 1977). Training and hoping
is characterized by the measurement of generalization across responses, experimenters, settings,
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and time after behavior change, however, this type of strategy does not actively seek
generalization, but rather, “hopes” that generalization will occur naturally. Furthermore,
Doughty, Anderson, Doughty, Williams, and Saunders (2007) reviewed 67 studies using
behavior-reduction strategies for motor stereotypy, finding only five which provided conclusive
evidence of generalization across settings and people, indicating that most researchers do not
report planning for generalization in studies with children with ASD.
Additional difficulties with generalization are specific to ASD features. Insistence on
sameness, which is a diagnostic feature of ASD (American Psychiatric Association, 2013), may
hinder a child’s success in generalizing the target behavior. Aspects of the generalization setting
that are different in any form from the training setting can inhibit skills. Furthermore, stimulus
overselectivity also plays a role in difficulties with generalization. Stimulus overselectivity
occurs when a child selects particular aspects of a stimulus to make discrimination that may or
may not be relevant (Lovaas, Koegel, Simmons, & Long, 1973). For instance, if reduction in
motor stereotypy is under the control of limited variables of the antecedent stimuli, such as a
specific therapist or training room, it is likely that these characteristics will not be present in
another setting, making it difficult for behaviors to generalize. Lack of motivation may also
serve as a factor (Koegel & Covert, 1972; Koegel & Mentis, 1985). It is noted that children with
ASD may engage in low levels of responding when in contact with intermittent reinforcers.
When an environment does not produce reinforcers for every instance of correct behavior,
children may become “unmotivated” to exhibit the behavior, resulting in a decrease of the target
behavior (Horner, Carr, Strain, Todd, & Reed, 2002). Lastly, learned helplessness may also
result in decreased level of responding (Horner et al., 2002; Koegel & Mentis, 1985). For
example, when a child experiences constant failure, he or she learns that reinforcement is only
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available when a correct response is delivered, and not for every response. When presented with
a task, a child with ASD may become unmotivated as he or she is reinforced for correct
responding that are less likely to occur.
Stimulus Control (SC) Training
A common method used in conjunction with behavior-reduction strategies is acquiring
stimulus control through stimulus control (SC) or discrimination training, followed by probing
for generalization in the desired contexts (Matson, 2012). SC training is a teaching procedure
that reinforces speciﬁc behaviors in the presence of certain antecedent stimuli and withholds
reinforcement of that same behavior in the presence of other antecedent stimuli (Cooper, Heron,
& Heward, 2007). A behavior is said to be under SC when an individual behaves one way in the
presence of a given stimulus and another way in its absence. When teaching discrimination
training, two differing visual stimuli are often selected to indicate whether access to the
opportunity to engage in a behavior will be provided or denied. Specific to motor stereotypy,
this procedure teaches the learner a “time and place” to engage in these behaviors in the
instructional setting (e.g., free choice time). In other words, a useful intervention for decreasing
motor stereotypy may be to use it as a reinforcer for the absence of motor stereotypy during
instruction.
Access to motor stereotypy serving as a reinforcer is warranted given that the function of
these behaviors is often maintained by automatic reinforcement (Vaugn & Michael, 1982;
Vollmer, 1994; Rapp & Vollmer, 2005). Furthermore, the rationale in acquiring SC in
instructional settings may be appropriate given that motor stereotypies impact skill acquisition
(Gorman-Smith & Matson, 1985; Wolery, Kirk, & Gast, 1985; Lovaas, Newsom, & Hickman,
1987; Schroeder, Rojahn, Mulick, & Schroeder, 1990; Morrissey, Franzini, & Karen, 1992;
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Morrison & Rosales-Ruis, 1997; Rapp & Vollmer, 2005; Cervantes, Matson, Williams, & Jang,
2014). When behavior is under SC, individuals with ASD learn that they can engage in
stereotypic behavior during specific environmental situations after they have refrained from
engaging in the behavior and allocated responses to developing skill acquisition (Brusa &
Richman, 2008). Discrimination training is a viable alternative to procedures that are often
difﬁcult to design and implement effectively because of the competing contingency of automatic
reinforcement produced by stereotypy. Researchers and clinicians rely on discrimination
training to teach numerous adaptive behaviors to individuals with ASD including cognitive,
communication, social, academic, vocational, and self-care skills (Green, 2001; Miller &
Lignugaris-Kraft, 2002).
Currently, no published studies have implemented RIRD with SC training and GP;
however, decreases in motor stereotypy have been found with other behavior-reduction strategies
incorporating SC training. Doughty et al. (2007) assessed whether the suppression of
automatically reinforced motor stereotypy could be brought under the control of a discriminative
stimulus. In the presence of a specific stimulus (i.e., examiners wearing wristbands), a “handsdown” punishment procedure was implemented contingent on motor stereotypy during
instruction. In the absence of the wristbands, the child had access to stereotypy as no
programmed consequences were applied for the occurrence of the behavior. Results indicated
that SC was established because motor stereotypy occurred less frequently in the presence of the
stimulus than in its absence. These behaviors generalized to other instructional settings and
people when the wristbands were presented in these contexts.
Similarly, McKenzie et al. (2008) evaluated the effects of wristbands and verbal
reprimands to reduce finger flicking in a child with ASD. In the ﬁrst condition, no wristbands
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were used, and the child had access to motor stereotypy as no programmed consequences were
administered. In the second condition, wristbands were applied contingent upon the ﬁrst
occurrence of stereotypy, and there were no programmed consequences for subsequent
occurrences. In the third condition, wristbands were applied contingent upon the ﬁrst occurrence
of finger flicking, and a verbal reprimand was delivered. Results demonstrated that verbal
reprimands in the presence of wristbands decreased motor stereotypy, which served as
discriminative stimuli for punishment. Conroy, Asmus, Sellers, and Ladwig (2005) assessed the
utility of presenting stimulus cues for reducing motor stereotypy using a multi-element design.
In one condition, the experimenter presented verbal reminders and gestures to a “no” card
contingent on stereotypy, whereas in the other condition, the experimenter presented a “yes” card
and delivered no programmed consequences for stereotypy. Differentially lower levels of motor
stereotypy occurred during the verbal reminder condition, suggesting that verbal reminders
effectively functioned as a punisher for stereotypy.
Studies using SC training have also used red and green stimuli cards, specifically with
response blocking techniques to reduce motor stereotypy. Rapp and colleagues (2009) paired a
red card with verbal reprimands and removal of toys contingent on motor stereotypy, while no
programmed consequences were applied in the presence of a green card. Findings indicated that
SC was established because motor stereotypy occurred less frequently in the presence of the red
card and more in the presence of the green card. In a similar study, Brusa and Richman (2008)
found reductions in motor stereotypy by establishing SC of string play behavior displayed by a
child with ASD. A green stimulus card was paired with free access to stereotypy whereas a red
stimulus card was paired with response blocking during instruction. Results demonstrated that
environmental stimuli inhibited control of automatically reinforced motor stereotypic behaviors,
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and these behaviors generalized when probed across settings and people.
Prompt Fading
To prevent prompt dependence that may result from the continual presence of stimuli,
prompt fading, or the gradual removal of prompts, is incorporated with SC procedures (Kazdin,
2001). Prompt fading allows a child to progress towards the highest levels of independence and
accuracy as possible (Ghezzi, 2007). As an extension of Brusa and Richman’s (2008) study,
O’Connor and colleagues (2011) implemented response blocking with a changing-criterion
design with colored cards and fading techniques to reduce motor stereotypy for an eleven-yearold boy with ASD. During discrimination training, motor stereotypy was not blocked in the
presence of the green card but was blocked in the presence of the red card using manual
guidance and reinforcing appropriate behavior. After the participant demonstrated successful
discrimination of the stimuli (i.e., the absence of stereotypy in the presence of a red stimulus and
the engagement in stereotypy in the presence of a green stimulus), the intervention phase was
implemented.
During this phase, upon meeting criterion for latency to engage in motor stereotypy in the
presence of the red stimulus, the participant was provided access to the green stimulus during
“free time,” or non-instruction time which signaled that motor stereotypy would not be blocked.
The criterion latency to engage in stereotypy in the presence of the red stimulus systematically
increased, and simultaneously, the duration of access to the green stimulus was systematically
decreased. To decrease the level of assistance, the experimenters faded the red and green poster
boards to 10 x 10 cm cards, and generalization was evident when these procedures were
implemented in the participant’s classroom and community setting (i.e., library). Findings
indicated that the red and green cards alone continued to demonstrate stimuli control throughout
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Chapter 5: Study Purpose

Numerous studies support the use of behavior analytic interventions to decrease motor
stereotypy exhibited by children with autism spectrum disorder (ASD), including response
interruption and redirection (RIRD; Ahrens et al., 2007; Ahearn et al., 2009; Miguel et al., 2009;
Liu-Gitz & Banda, 2010; Cassella et al., 2011; Colon et al., 2012). While stimulus control (SC)
training and generalization probing (GP) are shown to be effective when combined with other
behavior-reduction strategies, such as response blocking (Brusa & Richman, 2008; Rapp et al.,
2009; O’Connor et al., 2011), no published studies have reported these procedures with RIRD.
Given that RIRD and response blocking share similar features of reducing access to motor
stereotypy, it is likely that RIRD in conjunction with SC training may also result in effective
outcomes. Discrimination training may facilitate an individual’s ability to differentiate when
RIRD is in effect during instructional programming such that RIRD needs to be implemented
less frequently when the stimulus is present. Specifically, RIRD in conjunction with SC training
may increase the likelihood of generalization across the instructional setting (i.e., different
therapy rooms, different therapists) compared to RIRD alone or absence of RIRD.
The purpose of the current study was to expand research on decreasing motor stereotypy
in children with ASD by implementing RIRD with discrimination training and assessing for
generalization across the instructional setting. The goals of this study were to confirm the
efficacy of RIRD in decreasing motor stereotypy, address the limitations of RIRD by
implementing RIRD with SC training and probing for generalization, and evaluate the
differences in engagement of motor stereotypy pre- and post-treatment based on observation
during EIBI sessions and parent report.
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Hypotheses
Specific Aim I will determine the effectiveness of RIRD in decreasing motor stereotypy
to clinically acceptable levels in children with ASD. Given that multiple studies demonstrate the
effectiveness of RIRD in decreasing motor stereotypy (Ahrens et al., 2011; Ahearn et al., 2009;
Miguel et al., 2009; Liu-Gitz & Banda, 2010; Cassella et al., 2011; Colon et al., 2012), these
results are also expected in the current study.
Specific Aim II will address the limitations of RIRD by implementing RIRD in
conjunction with SC training and GP. This aim is exploratory in nature however, given that
previous studies indicate decrease in aberrant behaviors with the use of SC training and GP with
other behavior-reduction strategies (Brusa & Richman, 2008; Rapp et al., 2009; O’Connor et al.,
2011), these results are also expected in the current study. It is hypothesized that SC training
will increase the likelihood of generalization across the instructional setting compared to
participants who do not receive this intervention.
Specific Aim III will assess differences in the engagement of motor stereotypy posttreatment. This aim is also exploratory in nature because SC training and GP with RIRD have
not been previously incorporated in the RIRD literature; these studies have been limited to other
behavior-reduction strategies such as response blocking. Given that response blocking and
RIRD share similar features of interrupting the behavior, and studies show maintenance of
behaviors after discrimination training and GP compared to response blocking alone (Brusa &
Richman, 2008; Rapp et al., 2009; O’Connor et al., 2011), it is likely that the combined RIRD
treatment package will result in maintenance of behaviors across the instructional setting. The
measurement of motor stereotypy will be based on pre- and post-treatment observations during
EIBI and scores on the RRB subscale on the SRS-2 using Cohen’s d (1994).
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Chapter 6: Method

Participant Recruitment and Setting
Six children with autism spectrum disorder (ASD) were recruited from a community
mental health facility located in Detroit, Michigan. Participant inclusion criteria were
chronological age between 3-5 years at the start of the study, presence of motor stereotypy that
occurred at least several times per minute, and a formal diagnosis of ASD determined by the
DSM-5 (American Psychiatric Association, 2013) criteria and standardized testing. Participants
were assigned to one of three groups: a) the experimental group, who received RIRD + SC + GP;
b) a traditional treatment group, who received RIRD + GP; and c) the clinical control group, who
received EIBI + GP. All participants received EIBI as part of their educational programming at
the treatment center. The purpose of the clinical control group was to determine maturational
effects that may occur in motor development during this age in children with ASD with no
history of participating in a RIRD program.
The rationale for the number of participants is based on previous research in the RIRD
literature (Miguel, Clark, Tereskho, & Ahearn, 2009; Lui-Gitz & Banda, 2010; Schumacher &
Rapp, 2011); the design of the current study is discussed further below. Sampling issues in ASD
also contribute to the specified number of participants. For instance, the technique of random
sampling, where participants are randomly selected from the population of interest, and thus,
everyone has an equal chance of being chosen, is not often used in the ASD literature when
examining motor stereotypy. Instead, samples of convenience are used (i.e., selected because
they are available). ASD is a low base rate disorder, with prevalence estimated at 1 in 68
children diagnosed in the United States each year (Centers for Disease Control and Prevention,
2014), or about 1% of the general population. Sampling recruitment is often achieved within one
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or a few specific geographical locations due to practical restrictions, resulting in inadequate
sample sizes to detect group differences. According to the most current records available from
the Michigan Department of Education (2009), 613 individuals between 3 and 22 years were
diagnosed with ASD in the county serving the current participants of the study, resulting in
approximately 0.17% of the total population. Sampling also becomes problematic when parents
of children with ASD willing to participate in research may be self-selected and are likely to be
systematically different than children with ASD who are not. These differences may include
greater familial resources, higher education status of parents, and higher motivation for
treatment. Furthermore, the rationale for selecting the specific age group of 3 to 5 years is based
on research that suggests that the frequency of repetitive behaviors discriminate children with
and without ASD by 24 months (Lord, 1995) and become more pronounced after 3 years (Lord,
1995; Moore & Goodson, 2003).
In terms of inclusion criteria, given that children with ASD have high comorbidity with
many neurological and genetic disorders such as epilepsy and Fragile X (Simonoff et al., 2008),
respectively, and are prescribed medication (Oswald & Sonenklar, 2007), children meeting these
criteria were not excluded from the study. However, children with untreated severe behavior
problems (e.g., SIBs, or aggression that may cause visible bodily harm) were excluded from
participation. All assessment and treatment sessions were conducted in the child’s treatment
setting with permission of the participating agency.
Participants
Experimental group. “Tommy” was 4 years and 8 months old at the start of the study.
Tommy frequently engaged in motor stereotypy in the forms of hand flapping and body rocking.
He attended an EIBI program for 6 hours per week, a combined speech-language and
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occupational therapy group program delivered once a week for 60 minutes, and a self-contained
special education classroom for 20 hours per week. Table 3 shows a summary of participant
characteristics, including age, assigned group, type of motor stereotypies exhibited by each
participant, weekly hours of EIBI, time of admission at the center, and tasks delivered during
EIBI sessions.
“Michael” was 4 years and 6 months old at the start of the study. Michael attended an EIBI
program for 90 minutes per visit for four days per week for a total of 6 hours. Michael readily
engaged in motor stereotypy consisting of hand flapping. He was in a self-contained special
education classroom for 25 hours per week. In addition, he received ABA treatment for
problems related to food selectivity at the participating agency for 90 minutes per visit, three
days per week.
Traditional treatment control group. “Patrick” was 4 years 8 months of age at the start
of the study and engaged in body rocking, hand flapping, and head nodding. He was enrolled in
an EIBI program for 6 hours per week (90-minute appointments for four days per week). Patrick
received school-based special education services in a self-contained classroom for children with
ASD for 16 hours per week.
“Dylan” was 4 years and 10 months old when he began his participation, at which time he
attended an EIBI program twice per week for 3 hours per visit as well as a special education
program for children with ASD for 20 hours per week. Dylan frequently engaged in body
rocking, hand flapping, and waving his arms. Prior to enrollment in the present study, Dylan
received treatment for escape-maintained aggressive behavior (e.g., hitting, biting, kicking, and
throwing objects towards others).
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Clinical control group. “Adam” was 4 years and 5 months old at the start of participation.
Adam frequently engaged in hand flapping, body rocking, and spinning. He attended a special
education preschool program for 5 hours per day, four days per week (20 hours total).
Additionally, he was enrolled in a weekly play group for preschoolers with ASD for 90 minutes
per week, co-led by an occupational therapist, and a speech-language pathologist. “Isiah” was 4
years and 9 months old at the time of the study. Isiah engaged in motor stereotypic behaviors
including hand flapping, body rocking, and head nodding. He was enrolled in a special
education preschool program for 5 hours per day, four days per week and attended the same
therapeutic play group as Adam for 90 minutes once per week.
Table 3
Summary of Participant Characteristics

Name

Age

Group

Motor
Stereotypy

EIBI
Hours
Per Week

Time of
admission
at center

Medications

EIBI Tasks During
Sessions

Tommy

4:8

Experimental

Hand flapping;
body rocking

6

8 months

None

Tacts of pictures
of common items

Michael

4:6

Experimental

Hand flapping

6

6 months

None

Tacts of pictures
of common items;
receptive
identification of
pictures

Patrick

4:8

Traditional
Treatment

Body rocking;
hand flapping;
head nodding

6

7 months

None

Receptive
identification of
pictures; matching
pictures to objects;
intraverbals
(personal
information)

Dylan

4:10

Traditional
Treatment

Body rocking;
hand flapping

6

5 months

None

Intraverbals
(personal
information)
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Table 3 continued
Adam

4:5

Clinical
Control

Hand flapping;
body rocking;
spinning
objects

6

7 months

None

Intraverbals
(object
associations)

Isiah

4:9

Clinical
Control

Hand flapping;
body rocking;
head nodding

6

4 months

None

Receptive
identification
(pictures of family
members;
matching pictures
to objects)

Design
A changing-criterion design was implemented similar to the one administered by O’Connor
and colleagues (2011). A changing-criterion design is a type of single-experimental case design
in which participants provide their own control data for the purpose of comparison in a withinsubject rather than a between-subject design (Smith, 2012). Single-experimental case designs
are found in the majority of ASD intervention studies (Odom et al., 2003; Machalicek et al.,
2007; Rogers & Vismara, 2008) and are common in the RIRD literature (Ahearn, Clark,
MacDonald, & Chung, 2007; Liu-Gitz & Banda, 2009; Miguel, Clark, Tereshko, & Ahearn,
2009; Ahrens, et al., 2011; Cassella, et al., 2011; Schumacher & Rapp, 2011; Colón, et al., 2012;
Dickman, Bright, Montgomery, & Miguel, 2012; Love, Miguel, Fernand, & LaBrie, 2012). A
changing-criterion design requires initial baseline observations on a single target behavior to
evaluate the effects of a treatment that is applied in a gradual fashion to a single target behavior.
That is, this design assesses the effects of a treatment on the gradual improvement of behavior
already in the participant’s repertoire. Baseline is followed by a treatment phase, and once
stabilized, the treatment serves as a baseline for increased criterion for the next phase.
Experimental control is demonstrated by a combination of the length and number of the criterion
changes as well as the magnitude of each change (Cooper et al., 2007). In the current study, a
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baseline procedure was conducted, followed by treatment, and four generalization phases. The
intervention phases were implemented when the participant met mastery criteria of reduced
occurrences of motor stereotypy during EIBI programming. Changing-criterion designs are
advantageous because they do not require withdrawal of treatment and allow for gradual increase
of improved behavior. The changing-criterion phases will be discussed in further detail below.
Decisions regarding condition assignment to the experimental or the control groups was
based on whether a participant had pre-existing therapy goals related to decreasing motor
stereotypy. Participants in all conditions were matched by age, sex, level of developmental
functioning, and length of treatment at the center as much as possible. All assessment and
treatment sessions were conducted in the child’s treatment setting with permission of the
participating agency.
Recruitment/Process of Consent
Recruitment was conducted at the participating agency. Specifically, flyers were posted
and distributed to parents of children receiving services (Appendix A). Parents/guardians of all
participants were contacted by telephone to explain the purpose and procedures of the study, to
obtain verbal consent to participate, and to complete a brief screening questionnaire for
eligibility prior to scheduling an appointment. Screening included determining history of genetic
and neurological disorders, and engagement in SIBs. Although studies in the discriminative
training literature use red and green stimuli to obtain SC (Brusa & Richman, 2008; Rapp et al.,
2009; O’Connor et al., 2011), it is important to obtain history of red-green color-blindness given
it is the most commonly inherited form of color vision deficiency (Wong & Smith, 2006).
Written consent was sent for review prior to scheduling an appointment. At the initial
appointment, these forms were explained in further detail, where parent/guardian questions and
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concerns were addressed. Detailed but simplified information regarding the procedures were
provided in language understood by the participants based on their age and intellectual ability.
Parents/guardians received a $25 gift card for participating in the study, and children selected a
toy. Furthermore, parents/guardians and participants had the choice to leave the study at any
time with no loss of entitled benefits. Each parent/guardian signed a consent form (Appendix B)
approved by the EMU Human Subjects Review Committee (Appendix C).
Assessment Measures
All assessments were administered by advanced clinical psychology graduate students with
experience in psychodiagnostic test administration and interpretation. Testing was conducted at
the participating agency and all graduate students were supervised by a licensed psychologist.
Preliminary Measures
The Functional Analysis Screening Tool (FAST; Iwata, DeLeon, & Roscoe, 2013).
Prior to the study, parents/guardians completed the FAST. As previously mentioned, the FAST
is a 16-item questionnaire which assesses antecedent and consequent events that may be
correlated with the occurrence of motor stereotypy. Items on the FAST are organized into 4
functional categories based on contingences that maintain motor stereotypy based on data from
several large-scale studies (Derby et al., 1992; Iwata et al., 1994). Indirect assessments such as
the FAST can help determine objective descriptions of the target response as well as information
about the frequency and severity of motor stereotypy. Items on the FAST are grouped according
to behavioral function, and results are summarized by circling numbers corresponding to
questions for which a “yes” answer is given. Specifically, 1 through 4 focus on stereotypy
maintained by attention; 5 through 8 focus on stereotypy maintained by escape from
tasks/activities; 9 through 12 focus on automatic reinforcement or sensory stimulation; and 13
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through 16 focus on behaviors maintained by automatic-negative reinforcement, or painattenuating problem behaviors. The FAST takes approximately 10 minutes to complete. Please
see Appendix D for the FAST.
Motor Directive Assessment (MDA). In order to assess the participants’ ability to follow
and imitate motor movements, specifically one-step motor commands (i.e., stand up, clap hands,
touch nose, knock on table, and arms up) were administered. The purpose of this assessment
was to identify simple motor directives the child can easily perform and readily comply during
RIRD. During the assessment, the examiner presented demands using a three-step prompting
hierarchy. The examiner delivered the motor directive (e.g., “Touch nose”). If the child did not
comply or responded incorrectly within 5-seconds of the model, the examiner administered
prompts sequenced from least to most assistance. For instance, contingent on non-compliance or
error, the examiner repeated “touch your nose” while modeling the behavior. If the child did not
respond again, the examiner manually guided the child’s hand to his or her nose. This procedure
was repeated until the child completed the motor directives for up to 3 consecutive trials
independently without the use of prompts.
Color Discrimination Test (CDT). In order to measure color discrimination between red
and green, all participants were administered the CDT using receptive and tact procedures. For
the receptive task, the examiner presented two 3 x 5 colored index cards (i.e., red, green, purple,
blue, orange, white, black, and yellow) to the participant. Following the examiner’s instruction
(“Choose green”), the participant had to touch or point the correct card. For the tact procedure,
following the examiner’s instruction (“What color?”), the participant had to name the correct
color. The receptive and tact components were chosen for the CDT because these procedures
were used in the participants’ educational programming during EIBI. The CDT was imperative
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for the discrimination training component as the presence of red stimuli will result in RIRD
during instructional tasks, while green stimuli will allow access to motor stereotypy. Both
procedures were repeated until the participant achieved 90% mastery criteria for up to 3
consecutive trials. Only participants that achieved 90% mastery criteria for 3 consecutive
sessions were allowed to participate in the study.
Mullen Scales of Early Learning (Mullen, 1995). Master-level graduate students
administered the MSEL, a standardized comprehensive measure of developmental functioning to
determine current level of developmental functioning. This measure was selected because it is
commonly used at the recruitment site and it has a lower basal level than other measures of
cognitive functioning normed for preschool-aged children, such as the Wechsler Preschool and
Primary Scales of Intelligence (Wechsler, 2003). The MSEL is normed for children between
birth and 68 months of age and is composed of four domains (Visual Reception, Fine Motor,
Receptive Language, and Expressive Language) and an Early Learning Composite (ELC).
With respect to psychometrics, the MSEL has sound internal consistency (r = 0.91) and
inter-rater reliability (r = 0.91 to 0.99). Test-retest reliability is also satisfactory (mean stability
coefficients = 0.76 for children 25 months and older). All scales are measured in T-scores, with
a mean of 50 and standard deviation of 10. The ELC has a mean of 100 and a standard deviation
of 15; this composite was used to determine each participant’s developmental score across all
groups.
Autism Diagnostic Observation Schedule, Second Edition (ADOS-2; Lord et al., 2012).
To confirm a diagnosis of ASD, all participants were administered the ADOS-2 by Master's- and
doctoral-level clinicians with expertise in psychometrics and child development. The ADOS-2 is
the "gold standard" measure used to support a diagnosis of ASD. It is a semi-structured,
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standardized assessment examining communication, social interaction, and play skills. The
ADOS-2 includes four modules that consist of a series of planned “presses” in the context of a
naturalistic social interaction. The standardized activities are designed to elicit communicative
gestures, eye contact, facial expressions, social overtures, shared enjoyment, and insight into
typical social situations and relationships. Modules are selected based on a child’s estimated
level of spontaneous language. Module 2 was administered to all participants, which is designed
for children who vocalize with phrases but do not speak flexibly in full sentences.
In terms of psychometric properties, the internal consistency of the ADOS-2 ranges from
0.87 to 0.92 on the RRB subscale. Test-retest correlations yield superior stability in the Social
Interaction and Communication domains (r = 0.78 to 0.73, respectively) and good stability in the
Stereotyped Behaviors domain (r = 0.59). After the ADOS-2 was administered, the revised
algorithm was used to compute scores across the Social Affect and Repetitive/Restrictive
Behavior domains as well as a combined total score.
Pre- and Post-Testing
Social Responsiveness Scale, 2nd Edition (SRS-2; Constantino & Gruber, 2013). The
SRS-2 was completed by all parents/guardians and was the only standardized assessment
measure repeated at post-testing (approximately three months later). This measure was selected
to evaluate each participant’s engagement in stereotyped behaviors as it is suitable for use with
young children with ASD. The SRS-2 is normed for children aged 2 ½ and 4 ½ years (Preschool Form) and older (School-Age Form). It consists of 65 questions using a Likert scale (1 =
not true, 2 = sometimes true, 3 = often true, and 4 = almost always true) based on the diagnostic
criteria of ASD.
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The SRS-2 contains five subscales: Awareness, Cognition, Communication, Motivation,
and RRBs. Specifically, twelve questions comprise the RRB subscale which investigates
behaviors such as rigidity or inflexibility, discoordination, unusual sensory interests and
engagement in repetitive, odd behaviors such as hand flapping and rocking. The raw scores are
converted to T-scores (M = 50; SD = 10) and comprise the SRS-2 Total T-score, which serves as
an index of the severity of deficits ranging from Mild (T-scores ranging between 30 and 65),
Moderate (T-scores ranging between 66 and 75), and Severe (T-scores ranging between 76 and
90 and greater). Administration time is approximately 10 to 15 minutes to complete.
The internal consistency of the SRS-2 for the Preschool Age Form was reported as an alpha
of 0.88 (parent reports) and of 0.93 (teacher reports). Interrater reliability correlations between
parent and teacher endorsements were reported as r = 0.82 (Lord, et al., 2012). High estimates of
0.97 were also reported for the School-Age form when assessed in typically developing children
4 to 7 years of age (Constantino et al., 2000). Findings from a large longitudinal study reported
an alpha of 0.95 in the ASD-affected group and also an alpha of 0.95 in an unaffected control
group drawn from the same study (Lyall, 2011). Test-retest reliability was reported as a
correlation of r = 0.88 (Constantino et al., 2009). Interrater reliability was reported to be r = 0.91
between mother and fathers and r = 0.72 between parent-teacher reports in a sample of ASDdiagnosed individuals.
Functional Analysis. A functional analysis was administered for all participants to
determine the function of motor stereotypy. The conditions of attention, demand, ignore, and
play were presented in a multi-element design and lasted 5 minutes in duration. The four
conditions were randomized and determined prior to implementation. The sessions were
conducted until a steady pattern of responding or consistently high levels of motor stereotypy
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across sessions were observed. All sessions took place in the treatment room at the participating
agency.
Attention. The examiner sat in close proximity to the participant at a table (i.e.,
approximately one adult arm’s length). The child was provided with two toys identified by the
parent as being preferred based on the FAST. The examiner engaged in 1-minute of high-quality
attention with the participant, and then stated, “I have some work to do; you can play with your
toys quietly.” The examiner turned away from the child and pretended to read a magazine.
Contingent on the occurrence of motor stereotypy, the examiner directed attention to the child
and delivered verbal reprimands such as, “Please be quiet, I am busy doing my work.”
Reprimands continued for 20 seconds, at which time the examiner turned away from the
participant again, and resume reading a magazine. This procedure was repeated contingent on
further displays of motor stereotypy.
Demand. The purpose of the demand condition was to rule out escape-maintained motor
stereotypy. The examiner sat across from the child at a preschool-sized table with academic
materials. Mastered teaching tasks were selected based on the child’s current therapy
curriculum, and included activities such as gross motor imitation, visual performance (e.g.,
puzzles, block design, sorting shapes into a container), receptive commands (e.g., “Stand up,”
“Turn around,” etc.), and sorting items by function or class. The examiner implemented a threestep prompting procedure during each trial (Tucker & Berry, 1980). Specifically, the examiner
asked the child to complete the task (e.g., “Put the puzzle together”). If the child did not comply
within 5 seconds, the examiner repeated the vocal prompt while modeling how to complete the
task. If, after an additional 5 seconds, the child did not initiate the appropriate response, the
examiner manually guided the child in completing the response by placing her hand over the
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child’s hand and engaging in the task.
In the event that the child engaged in motor stereotypy during any of these prompts, the
examiner provided a 20-second break. The break was signified by the examiner saying, “Okay,
you do not have to,” while removing the task materials from the child’s view, and turning her
back to the child for the 20-second allotted break. At the conclusion of the break, a new task was
initiated with the three-step prompting hierarchy. Descriptive verbal praise was delivered when
the child completed the correct response (e.g., putting the puzzle together) without physical
guidance. Examples of verbal praise included, “Nice job putting the puzzle together!” and
“That’s right, that is the word dog!” The learning tasks were initiated as often as allowed during
the 5-minute session. No contingencies were in place for other inappropriate behaviors (e.g., out
of-seat behavior).
Ignore. During the ignore condition, the participant and examiner sat in a barren room, in
which no toys, furniture, or other objects were present. The examiner did not interact with the
child in any manner, and no programmed contingencies were in place for motor stereotypy. All
appropriate requests for attention or to escape from the room were ignored, as well as any
inappropriate behavior. If a participant attempted to exit the therapy room before the session was
over, a data collector behind a one-way observation mirror locked the door until the child
released his hand from the door handle.
Play. The play condition served as the control procedure. The examiner was present in the
room and maintained close proximity (i.e., no more than two feet away) to the child. The child
had continuous access to a variety of preferred toys that were selected according to parental
report. During play sessions, the examiner did not deliver educational tasks or motor directives.
The examiner delivered non-contingent attention in the form of verbal praise delivered at least
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once every 30 seconds (e.g., “I love the way that you are playing with your blocks”). The
participant was permitted to move freely around the room. No programmed contingencies were
in place for motor stereotypy.
Baseline. Baseline sessions were conducted during the participant’s EIBI appointments, at
which time the participant was required to perform tasks outlined by his educational
programming, such as matching, receptive identification and tact training, and intraverbal
training. All sessions were 5 minutes in duration. Any occurrences of motor stereotypy were
ignored by the therapist and recorded on a data sheet (Appendix E).
Treatment
RIRD. RIRD was implemented based on the procedures outlined by Ahearn et al. (2009).
At the start of the session, EIBI tasks were initiated in a manner similar to the baseline condition
described above. Contingent on the occurrence of motor stereotypy, the examiner suspended
EIBI tasks and initiated RIRD trials in the form of motor directives. Specifically, in a neutral
tone of voice, the examiner secured the child’s attention while initiating eye contact and
delivering the instruction (e.g., “Touch nose”). As previously mentioned, the motor imitation
tasks were selected a priori, based on the child’s current motor skills. RIRD tasks were delivered
until the participant engaged in the correct imitation of three motor movements in the absence of
motor stereotypy. If the child did not perform the motor task, a three-step prompting procedure
was used similar to the procedure described in the motor directive pre-assessment. Once the
participant met discontinuation criteria for RIRD, EIBI tasks resumed. Verbal praise was
delivered contingent on correct responding during EIBI tasks only. The generalization probes
were conducted based on achieving the mastery criteria described next. All sessions lasted 5
minutes in duration. Sessions were conducted two times per week for approximately 10 weeks,
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with sessions not exceeding 30 minutes per day.
Generalization Probing (GP). In order to evaluate differences in generalization among the
four conditions, probing for generalization within the instructional setting (i.e., across different
therapy rooms, across different therapists) was conducted for all participants. The GP procedure
consists of four phases which were implemented once the child demonstrated mastery criteria,
which is consistent with a changing-criterion design (Cooper et al., 2007) implemented by
O’Connor et al. (2011). Phase 1 began when the child achieved 70% mastery criteria of his or
her EIBI program with the absence of motor stereotypy in three consecutive trials.
Generalization across the instructional setting was assessed as the child and examiner began
EIBI programming in a novel treatment room at the participating agency in the next session.
Phase 2 was conducted when the participant achieved 80% of mastery criteria of his or her EIBI
program with the absence of motor stereotypy in three consecutive trials. Probing for
generalization was assessed across people within the instructional setting as the child and a novel
therapist began the EIBI programming in the same room used during Phase 1. Phase 3 occurred
when the participant achieved 90% mastery criteria, and GP was assessed across people and
settings as the child began EIBI programming with a novel instructor in a novel treatment room.
If the child achieved 100% mastery criteria of his or her EIBI program with zero occurrences of
motor stereotypy, the GP conditions occurred in random fashion. If the participant failed to
maintain mastery by presence of motor stereotypy during a phase, an intermediate phase was
implemented. For instance, if a child achieved 82% mastery during Phase 3, an intermediate
phase was implemented in which the child achieved 85% mastery criteria. If the child failed to
achieve these intermediate criteria, the prior phase was implemented (i.e., Phase 2 with 80%
mastery criteria). Please refer to Table 4 for the description of generalization phases for all
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participants.
The rationale in presenting a variety of GPs in Phase 4 is to train loosely. Described as a
method to increase generalization (Stokes & Baer, 1977), training loosely consists of altering
irrelevant aspects of the training setting that may inadvertently acquire SC over the child’s newly
learned behavior (Campbell & Campbell, 1982). Training loosely may include altering the
furniture in the training room, changing the lighting and smells of the room, if appropriate,
changing treatment rooms, and presenting novel instructors in the treatment room. One of the
aims of teaching loosely is that the participant’s target behavior is not controlled by unwanted
stimuli such as aspects of the training room or the therapist, but by discriminative stimuli (i.e.,
red and green cards). Furthermore, according to Parsonson and Baer (1992), it is important to
vary the training setting as unpredictably as possible in order to measure generalization. The
participating agency has six treatment rooms that vary in size and location; a master’s-level
clinician was available for the GP component.
Table 4
Description of Generalization Phases for All Participants
GP Phases

Mastery Criteria

Generalization

Phase 1

70%

Novel instructor/same room

Phase 2

80%

Prior instructor/novel room

Phase 3

90%

Novel instructor/novel room

Phase 4

100%

Randomized

RIRD + SC + GP. In the experimental condition, motor RIRD + SC + GP was
implemented. The purpose of the SC component was to establish control over motor stereotypy
by pairing programmed consequences with red and green stimuli and to assess the likelihood of
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generalization across the treatment setting compared to participants without the SC component.
During the red condition, the participant was seated at a desk during EIBI sessions outfitted with
a red poster board. The examiner pointed to the red stimulus and stated, “It’s red, time to work.”
The red stimuli signaled that attempts to engage in motor stereotypy will be interrupted and that
appropriate use of motor skills will be prompted and reinforced with verbal praise. The motor
RIRD procedure mentioned above for the traditional treatment control condition was
implemented identically during this phase in conjunction with the presence of the red stimulus.
The green condition immediately followed the red condition, in which the examiner placed the
green poster board on the table while placing the red poster board out of view (e.g., behind a
bookshelf, or underneath a blanket). The examiner pointed to the green stimulus and stated, “Its
green, time to play.” The green poster board signaled that attempts to engage in motor
stereotypy will not be interrupted or redirected during “free time”; the child also had free access
to toys and other reinforcers in the room endorsed by parents on the FAST. No programmed
RIRD consequences for stereotypy were implemented. The red and green boards were alternated
sequentially.
To prevent prompt dependence, the red and green stimuli were faded simultaneously with
the GP phases. The prompt fading phases were a modified version of an existing paradigm
described by O’Connor, Prieto, Hoffman, DeQuinzio, and Taylor (2011). During RIRD + SC,
22 x 28 in. red and green poster boards were used. Phase 1 began once 70% mastery criteria was
achieved, which then followed the GP procedure described above, and in addition, the 22 x 28 in.
poster boards were faded to 11 x 14 in. poster boards. Phase 2 began once 80% mastery criteria
was achieved, followed by GP outlined for Phase 2, and in addition, the 11 x 14 in. poster boards
were faded to 8 x 11 in. poster boards. Phase 3 began once 90% mastery criteria was achieved,
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followed by GP, and in addition, the 8 x 11 in. poster boards were faded to 5 x 8 in. index cards.
If 100% mastery criteria was achieved, no stimuli were provided. All sessions lasted 5 minutes
in duration and were conducted one to two times per week for approximately 10 weeks, with
sessions not exceeding 30 minutes per day. Please refer to Table 5 for the prompt fading
procedures for the experimental condition.
Table 5
Description of generalization and prompt fading procedures for the experimental condition
GP Phases

Mastery Criteria

Generalization

Prompt Fading

Phase 1

70%

Novel instructor/same room

11 x 14 in

Phase 2

80%

Prior instructor/novel room

8 x 11 in

Phase 3

90%

Novel instructor/novel room

5 x 8 in

Phase 4

100%

Randomized

No stimuli

Post-treatment
Approximately three months after treatment, the post-treatment condition was
implemented. The examiner assessed for maintenance of behaviors by administering GP with
each child based on the prior completed generalization phase. For instance, if mastery criteria is
achieved at Phase 4 at the end of treatment, then post-treatment begins at Phase 4 to assess for
maintenance. Five post-treatment sessions were conducted, lasting 5 minutes in duration. Please
refer to Figure 1 for the outline of study procedures for each group.
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Group

Pretreatment

Treatment

Posttreatment

Experimental

Traditional Treatment

Clinical Control

FAST
MDA
CDT
MSEL
ADOS-2
SRS-2

FAST
MDA
CDT
MSEL
ADOS-2
SRS-2

FAST
MDA
CDT
MSEL
ADOS-2
SRS-2

Functional Analysis

Functional Analysis

Functional Analysis

Baseline during EIBI

Baseline during EIBI

Baseline during EIBI

RIRD + SC + GP

RIRD + GP

EIBI + GP

SRS-2
EIBI + GP

SRS-2
EIBI + GP

SRS-2
EIBI + GP

Figure 1. Outline of study procedure across groups.
Note: FAST = Functional Analysis Screening Tool; MDA = Motor Directive Assessment; CDT
= Color Discrimination Test; MSEL = Mullen Scales of Early Learning; ADOS-2 = Autism
Diagnostic Observation Schedule; SRS-2 = Social Responsiveness Scale; RIRD = Response
Interruption and Redirection; EIBI = Early Intensive Behavioral Intervention; SC = Stimulus
Control; GP = Generalization Probing.
Data Collection and Interobserver Agreement
Motor stereotypy was defined as any instance of non-functional or non-contextual
repetitive motor movements. Specifically, hand flapping was defined as repetitive hand
movements which occurred in two or more consecutive occurrences of up and down and/or side
to side motion of the hands. Body rocking was defined as two or more consecutive occurrences
of back and forth and/or side to side movement of the upper body. Head nodding was defined as
head movements consisting of a side-to-side “no” movement and/or an up-and-down “yes”
movement with a frequency of greater than 2 seconds, and not in response to answering an
examiner’s question. Other non-examples of motor stereotypy include responding to gross
motor imitations, pointing to correct stimuli, playing with toys, and turning pages of a book.
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Motor stereotypy data for all conditions, including pre- and post-treatment, were collected
using a 10-second partial-interval recording (PIR) for a duration of 20 minutes. As previously
mentioned, the PIR is a time-sampling method in which observers record the target response if it
occurs at any time during a specified interval (Cooper et al., 2007) and is commonly used in the
stereotypic literature (Miguel, Clark, Tereshko, & Ahearn, 2009; Cassella, Sidener, Sidener, &
Progar, 2011; Schumacher & Rapp, 2011; Colón, Ahearn, Clark, & Masalsky, 2012). Data is
reported as a percentage of total intervals in which motor stereotypy is observed. Participant
data is collected using paper and pencil procedures, in which observers record the occurrence of
motor stereotypy by writing an “M” in the box denoting the specific 10-second interval in which
the child participates in motor stereotypy. If a participant did not engage in motor stereotypy
during an interval, data collectors indicated nonoccurrence by writing a “--” in the respective
interval. In the RIRD + SC + GP condition, data from each discrimination training session was
summarized as percentage of 10-s intervals that the participants engage in stereotypy in the
presence of red and green stimuli. Please refer to Appendix E for an example of this data sheet.
To measure interobserver agreement, two observers independently recorded at least 54%
of all functional analyses, baseline, and treatment sessions. Interobserver reliability was
calculated by dividing the number of intervals with agreements by the total number of intervals
with agreements plus disagreements and multiplying by 100. For Tommy, mean interobserver
agreement was 91.3% across functional analysis conditions (range = 85% to 100%), 97% across
baseline sessions (range = 90% to 100%), and 97.3% across EIBI + RIRD + SC sessions (range
= 90% to 100%). With regard to Michael’s sessions, mean interobserver agreement was 88%
across functional analysis conditions (range = 81% to 94%), 91% across baseline sessions (range
= 86% to 95%), and 85.5% across EIBI + RIRD + SC sessions (range = 82.5% to 88%). For
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Patrick, mean interobserver agreement was 88% across functional analysis conditions (range =
83% to 92%) and 96% across RIRD + GP sessions (range = 78% to 100%). For Dylan, mean
interobserver agreement was 92% across functional analysis conditions (range = 90% to 100%)
and 94% across RIRD + GP sessions (range = 82% to 100%). Next, for Adam’s sessions, mean
observer agreement was 92% across functional analysis conditions (range = 89% to 97%) and
89% across post-EIBI sessions (range = 82% to 94.5%). Lastly, for Isiah, mean observer
agreement was 95% across functional analysis conditions (range = 89% to 97%) and 84% across
post-EIBI sessions (range = 82% to 94.5%).
Data Analysis
Specific Aims I and II. All functional analyses, baseline data, and treatment procedures
were graphed and analyzed with visual inspection procedures, as described by Parsonson and
Baer (1992), which remain the standard by which data for single-subject experimental designs
are most commonly analyzed (Parker, Cryer, & Byrns, 2006).
Specific Aim III. To assess for differences on scores achieved on the first and second
administration of the SRS-2 across the three groups, effect sizes were calculated with Cohen’s d
(Cohen, 1994).
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Chapter 7: Results

To assess for developmental functioning, the MSEL was administered to all participants
prior to the study. In addition, the ADOS-2 was administered to support a diagnosis of autism
spectrum disorder (ASD). Parents/caregivers completed the SRS-2 to identify the presence and
severity of repetitive behaviors and other ASD-related symptoms. Descriptive statistics for all
measures are presented in Table 6.
Table 6
Summary of Group Characteristics

Age (months)
MSEL Subscales
Visual Reception
Fine Motor
Receptive Language
Expressive Language
Early Learning Compositea
ADOS-2 Subscales
Total
Social Affect
Restricted Interests/Repetitive Behaviors
SRS-2 Subscales
Total
Social Awareness
Social Cognition
Social Communication
Social Motivation
Restricted Interests/Repetitive Behaviors

Experimental
Group
M (SD)
55.00 (1.41)

Traditional Treatment
M (SD)

Clinical Control
M (SD)

57.00 (1.42)

55.00 (2.83)

37.00 (4.25)
33.00 (2.83)
23.00 (4.25)
23.00 (1.41)
50.00 (1.37)

41.50 (2.12)
31.00 (4.24)
30.00 (2.83)
23.00 (2.71)
53.00 (2.55)

37.00 (4.24)
35.00 (4.27)
29.50 (3.53)
21.50 (2.12)
50.50 (2.18)

14.00 (1.41)
9.00 (2.83)
4.50 (0.71)

12.50 (2.12)
7.00 (1.41)
5.50 (0.70)

13.00 (2.82)
9.50 (2.12)
3.50 (0.71)

73.50 (4.98)
65.00 (2.83)
75.00 (2.82)
73.00 (2.89)
64.00 (4.25)
68.00 (1.42)

70.00 (2.83)
70.00 (2.34)
70.00 (2.28)
68.00 (1.21)
69.50 (7.78)
65.00 (4.65)

69.50 (4.94)
68.00 (4.25)
67.00 (2.43)
71.00 (5.65)
66.00 (1.44)
65.50 (7.17)

Note: For all MSEL and SRS-2 subscales, M = 50; SD = 10; a For the MSEL Early Learning
Composite, M = 100; SD = 15; ADOS-2 scores are raw scores.
Functional Analysis
Experimental (RIRD + SC + GP). Results of the functional analysis for participants in
the experimental group are depicted in Figure 2. Motor stereotypy patterns were undifferentiated
across functional analysis for both participants. For Tommy (shown in the top panel of Figure
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2), motor stereotypy occurred at low levels in the play (M = 24.56%) and demand (M = 27.31%)
conditions, moderate levels in the attention (M = 51.06%) condition, and high levels throughout
the ignore (M = 78.75%) condition. An increasing trend observed in sessions 9 through 12 in the
attention condition warranted the implementation of an extended ignore condition series to
determine whether motor stereotypy would persist in the absence of social consequences
(Vollmer, Marcus, Ringdahl, & Roane, 1995). Results of this condition demonstrated that
Tommy continued to engage in consistently high levels of motor stereotypy across sessions (M =
81.47% of intervals), supporting the hypothesis that motor stereotypy was maintained by
automatic reinforcement. During Michael’s functional analysis, low levels of motor stereotypy
were observed in the attention (M = 29.18%) and demand (M = 36.43%) conditions, moderate
levels in the play (M = 57.12%) condition, and high levels in the ignore (M = 81.87%) condition.
Levels of motor stereotypy remained high during the extended ignore condition (M = 84.15% of
intervals), indicating that motor stereotypy likely served an automatic function.
Traditional Treatment (RIRD + GP). Figure 3 displays the functional analysis results
for Patrick and Dylan, the participants in the traditional treatment group. Patrick engaged in low
levels of motor stereotypy in the demand (M =22.93%) and play (M = 39.43%) conditions,
moderate levels in the attention (M = 69.25%) condition and high levels in the ignore (M =
82.56%) condition. He continued to engage in increasingly high levels of motor stereotypy in
the extended ignore phase (M = 84.26% of intervals). These data revealed that his motor
stereotypy was likely automatically-maintained. As shown in the bottom panel, Dylan engaged
in lower levels of motor stereotypy in the attention (M = 16.52%) condition and higher levels in
the demand (M = 84.12%) condition compared to Patrick. Like Patrick, Dylan also engaged in
low levels of motor stereotypy in the play (M = 25.50%) condition and high levels in the ignore
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(M = 93.06%) condition, which persisted in the extended ignore phase (M = 93.10% of
intervals), indicating that his behavior was likely attributed to automatic reinforcement.
Clinical Control (EIBI + GP). The functional analysis for participants in the clinical
control group are shown in Figure 4. Adam engaged in low levels of motor stereotypy in the
play (M = 29.31%) and attention (M = 39.43%) conditions, moderate levels in the demand (M =
66.43%) condition, and high levels in the ignore (M = 84.12%) condition. Motor stereotypy
continued to persist in the extended ignore phase, with an increasing trend observed (M =
84.06% of intervals), supporting that his behavior was likely automatically reinforced. For Isiah,
low levels of motor stereotypy were observed in the play (M = 20.93%) and attention (M =
30.25%) conditions, moderate levels in the demand (M = 54.62%) condition, and high levels in
the ignore (M = 71.81%) condition. High levels of motor stereotypy were also consistently
observed in the extended ignore (M = 72.26%) phase, indicating that the function of his behavior
was likely automatic reinforcement.
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Figure 2. Functional analysis results for participants in the experimental group.
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Figure 3. Functional analysis results for participants in the traditional treatment group.
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Figure 4. Functional analysis results for participants in the clinical control group.
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Specific Aim I
Traditional Treatment (RIRD + GP). Specific Aim I determined the effectiveness of
implementing RIRD during EIBI. Results for the traditional treatment group are shown in
Figure 6. Patrick (top panel) engaged in high levels of motor stereotypy during the initial
baseline in the EIBI phase; these levels were somewhat higher than those observed during the
extended ignore series of the functional analysis (M = 95.20% of intervals during baseline versus
M = 84.26% of intervals during ignore sessions). When RIRD procedures were combined with
EIBI at Session 12, a reduction of motor stereotypy was noted (M = 15.25%) with behaviors
continuing to occur at high levels (M = 81.15%). The first GP Phase (novel therapist) was
implemented at Session 41, which continued to decrease motor stereotypy (M = 37.25%), with
behaviors occurring at moderate levels (M = 44.50%). Patrick did not meet mastery criteria for
the succeeding GP phases. At post-treatment (approximately 3 months later), Patrick’s motor
stereotypy occurred at moderate levels (M = 44.80%). Overall, motor stereotypy decreased by
half (M = 50.70%) compared to baseline.
Dylan (bottom panel) engaged in high levels of motor stereotypy in the baseline condition
when EIBI tasks were delivered; these levels were slightly lower than those observed in the
extended ignore condition (M = 91.60% of intervals during baseline versus M = 93.10% of
intervals during ignore sessions). When RIRD procedures were combined with EIBI at Session
14, an initial decrease of motor stereotypy was noted (M = 8.85%), with behaviors occurring at
high levels (M = 82.75%). The first GP phase was implemented at Session 32 with reductions
observed (M = 30.25%), and behavior occurring at moderate levels (M = 52.50%). Dylan also
met mastery criteria for the second GP phase (novel room) at session 57. During this phase,
Dylan’s motor stereotypy continued to decrease (M = 14.04%), with behaviors occurring at
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moderate levels (M = 33.50%). At post-treatment, Dylan’s motor stereotypy occurred at
moderate levels (M = 40.81%) and overall decreased by half (M = 50.79%) compared to
baseline.
Clinical Control (EIBI + GP). Results for participants in the clinical control group who
did not receive RIRD but other procedures in place by staff at the participating agency during
EIBI (i.e., response blocking, break from task) are depicted in Figure 7. Adam exhibited high
levels of motor stereotypy in the baseline condition during EIBI; these levels were slightly higher
than those observed in the extended ignore condition (M = 96.20% of intervals during baseline
versus M = 84.12% during ignore sessions). When GP Phase 1 (novel therapist) was combined
with EIBI at Session 12, an initial decrease (M = 9.50%) of motor stereotypy was observed, with
behaviors occurring at high levels (M = 86.70%). Adam did not achieve mastery criteria for the
succeeding GP phases. At post-treatment, Adam’s motor stereotypy occurred at moderate levels
(M = 76.66%), and overall decreased at low levels (M = 19.54%) compared to baseline.
For Isiah, high levels of motor stereotypy were observed in the baseline condition during
EIBI only; these levels were lower than those observed in the extended ignore condition (M =
91.60% of intervals during baseline versus M = 72.26% during ignore sessions). When GP
Phase 1 was combined with EIBI at Session 14, motor stereotypy decreased (M = 6.89%), with
behaviors occurring at high levels (M = 84.71%). Isiah did not achieve mastery criteria for the
succeeding GP phases. At post-treatment, Isiah’s motor stereotypy continued to occur at
moderate levels (M = 75.75%), and overall, decreased at low levels (M = 15.85%) compared to
baseline.
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Figure 5. Results for participants in the traditional treatment group who received RIRD only;
---- indicates changing-criterion based on mastery level.
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Figure 6. Results for participants in the clinical control group who did not receive RIRD;
---- indicates changing-criterion based on mastery level.
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Specific Aim II
Experimental (RIRD + SC + GP). Specific Aim II addressed the limitations of RIRD by
implementing RIRD in conjunction with SC training and probing for generalization. Results for
the experimental group are shown in Figure 9. Tommy (top panel) engaged in high levels of
motor stereotypy in the baseline condition during EIBI; these levels were lower than observed in
the extended ignore condition (M = 95.20% of intervals during baseline versus M = 81.47%
during ignore conditions). When SC training was embedded with RIRD at session 12, an initial
decrease of motor stereotypy (M = 32.60%) was noted, with behaviors occurring at moderate
levels (M = 62.60%). When the first GP phase was implemented, motor stereotypy continued to
decrease (M = 30.10%), with behaviors occurring at low levels (M = 32.40%). Tommy achieved
mastery criteria for GP Phase 2 (novel room), which was implemented at session 36. During this
condition, behaviors decreased (M = 17.43%), with motor stereotypy occurring at low levels (M
= 12.67%). Tommy also met mastery criteria for GP Phase 3 (novel room, novel therapist),
which was implemented at Session 46. Tommy’s motor stereotypy continued to decrease (M =
9.83%), with behaviors occurring at low levels (M = 7.60%). In the GP Phase 4 (randomized
conditions), Tommy’s motor stereotypy continued to reduce (M = 7.03%), with behaviors
occurring at low levels (M = 2.80%). At post-treatment, motor stereotypy continued to occur at
minimal levels (M = 3.40%), and overall decreased at considerable levels (M = 91.80%) since
baseline.
For Michael (bottom panel), high levels of motor stereotypy were noted during the baseline
condition in EIBI; these levels were slightly higher than observed in the extended ignore
condition (M = 89.89% of intervals during baseline versus M = 84.15% during ignore
conditions). When RIRD + SC + GP was introduced at Session 12, an initial decrease of motor
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stereotypy (M = 20.05%) was observed, with behaviors occurring at moderate levels (M =
69.75%). When the first GP phase was implemented, a moderate decrease in motor stereotypy
(M = 41.95%) was noted, with behaviors occurring at low levels (M = 27.8%). The second GP
phase was implemented at Session 42, which showed continued decrease in motor stereotypy (M
= 7%), with behaviors occurring at low levels (M = 20.80%). Upon achieving mastery criteria,
the third GP phase was introduced at Session 54, with reductions observed (M = 9%) and
behaviors occurring at low levels (M = 11.80%). Michael also met mastery criteria for GP phase
4 at Session 65, with continued decreases in motor stereotypy (M = 6.05%) and behaviors
occurring at minimal levels (M = 5.75%). At post-treatment, motor stereotypy continued to
occur at minimal levels (M = 6.25%), with substantial decreases (M = 83.55%) compared to
baseline.
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Figure 7. Results for participants in the experimental group who received RIRD + SC + GP
treatment; ---- indicates changing-criterion based on mastery level.
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Specific Aim III
To assess for differences in T-scores achieved on the first and second administration of the
SRS-2 across the three groups, effect sizes were calculated with Cohen’s d (Cohen, 1994).
Please refer to Table 7 pre- and post-testing results.
Experimental (RIRD + SC + GP). For the experimental group, moderate to large effect
sizes were noted in five out of the six subscales on the SRS-2, including the RRB subscale (d =
0.86) with an average moderate effect size (M = 0.64) across the SRS-2.
Traditional Treatment (RIRD + GP). Moderate effect sizes were noted in two out of the
six subscales with an average small effect size (d = 0.38) across the SRS-2; small effect sizes
were also found on the RRB subscale (d = 0.42).
Clinical Control (EIBI +GP). For participants in the clinical control group, small effect
sizes were noted on the RRB subscale (d = 0.37) and across the SRS-2 (d = 0.27).
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Table 7
SRS-2 Pre- and Post-Testing Results Across Participants
Group
Experimental (RIRD + SC + GP)
Restricted Interests/Repetitive Behaviors
Social Awareness
Social Cognition
Social Communication
Social Motivation
Total
Traditional (RIRD + GP)
Restricted Interests/Repetitive Behaviors
Social Awareness
Social Cognition
Social Communication
Social Motivation
Total
Clinical Control (EIBI + GP)
Restricted Interests/Repetitive Behaviors
Social Awareness
Social Cognition
Social Communication
Social Motivation
Total

Time 1
M (SD)

Time 2
M (SD)

68.00 (1.42)
65.00 (2.83)
75.00 (2.82)
73.00 (2.89)
64.00 (4.25)
73.50 (4.98)

64.00 (6.36)
63.00 (2.81)
72.50 (3.53)
71.50 (3.54)
61.50 (4.75)
70.50 (2.13)

-4.00
-2.00
-1.00
-1.50
-2.50
-3.00

0.86
0.70
0.52
0.46
0.55
0.78

65.00 (4.65)
70.00 (2.34)
70.00 (2.28)
68.00 (1.21)
69.50 (7.78)
70.00 (2.83)

63.00 (4.95)
68.00 (4.24)
69.00 (1.42)
67.50 (1.42)
69.00 (8.48)
69.50 (3.53)

-2.00
-2.00
-1.00
-0.50
-0.50
-4.00

0.42
0.58
0.52
0.37
0.27
0.15

65.50 (7.17)
68.00 (4.25)
67.00 (2.43)
71.00 (5.65)
66.00 (1.44)
69.50 (4.94)

63.50 (2.43)
66.50 (4.95)
66.50 (0.71)
70.50 (4.95)
65.50 (2.13)
68.00 (4.64)

-2.00
-1.50
-0.50
-0.50
-0.50
-1.00

0.37
0.32
0.27
0.09
0.27
0.31

d

Note: SRS-2 subscales are in T-scores (M = 50; SD = 10); Time 2 occurred approximately three
months later. Effect size is calculated as Cohen’s d.
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Chapter 8: Discussion

Motor stereotypy is a problematic behavior commonly displayed in children with autism
spectrum disorder (ASD) that has been demonstrated to interfere with skill acquisition during
different types of academic programming (Lanovaz & Sladeczek, 2012). This study sought to
investigate the effects of response interruption and redirection (RIRD) in conjunction with
stimulus control (SC) training on motor stereotypy when implemented during early intensive
behavioral intervention (EIBI) for young children with ASD. RIRD is an intervention with
growing empirical evidence for reducing motor stereotypy maintained by automatic
reinforcement. Furthermore, given that EIBI is the treatment of choice for children with ASD
for teaching a variety of language, social, and academic skills, determining the effectiveness of
interventions for motor stereotypy during EIBI is important for clinicians to minimize barriers to
learning and maximize therapeutic outcomes.
While studies show that RIRD is effective across clinical and educational settings (LiuGitz & Banda, 2010), with different topographies of motor stereotypies (Ahrens et al., 2009) and
when compared to pharmacological intervention (Miguel et al., 2009), potential drawbacks
include difficulty generalizing behaviors across settings and people, and maintenance posttreatment. SC training, which is often implemented with behavior-reduction strategies (Matson,
2009), is a teaching procedure that reinforces speciﬁc behaviors in the presence of certain
antecedent stimuli and withholds reinforcement of that same behavior in the presence of other
antecedent stimuli (Cooper, et al., 2007). After appropriate behavior continues to occur in the
presence of discriminative stimuli, an essential component of treatment is to assess for
generalization across different contexts as outlined by Stokes and Baer (1977). Currently, no
published studies have combined RIRD with SC training and assessed for generalization.
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Therefore, this study investigated the efficacy of this treatment package to reduce motor
stereotypy during EIBI sessions compared to RIRD only, and EIBI only.
Specific Aim I
Traditional Treatment (RIRD + GP). Specific Aim I hypothesized that RIRD only
would be successful in decreasing motor stereotypy compared to participants who did not receive
this intervention. This hypothesis was supported as RIRD only was effective in diminishing
motor stereotypy levels by more than 50% for both participants in the traditional treatment
group. Results replicate the findings of Colon et al. (2012) in that RIRD only during EIBI
sessions was successful in reducing motor stereotypy to clinically acceptable levels. Regarding
the GP phases, Patrick achieved mastery criteria for the first GP phase (novel therapist),
however, levels of motor stereotypy slightly increased during the end of this phase, and he did
not meet mastery criteria for succeeding GP phases. Dylan, however, achieved mastery criteria
to meet the second GP phase (novel room). Levels of motor stereotypy, although decreased for
both participants, did not result in achieving mastery criteria for all four GP phases. These
results are consistent with previous findings of RIRD studies being unsuccessful when assessing
for generalization (Rehfeldt & Chambers, 2003; Ahearn, et al., 2007; Casella, Sidener, Sidener,
& Progar, 2011; Shawler & Miguel, 2015).
These results may speak to the difficulties of acquiring generalization for children with
ASD, such as insistence on sameness as aspects of the generalization setting that are different in
any form of the training setting can inhibit skills. Difficulties in generalization for Patrick, who
did not reach mastery criteria for the second GP phase (novel room), may have been attributed to
stimulus overselectivity in which behavior is influenced by antecedent variables in the
environment, such as a specific therapist, making it difficult for behaviors to generalize in the
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presence of a new therapist.
It should also be noted that some of Patrick’s motor stereotypy involved a chained
behavior of multiple stereotypical responses such as hand flapping followed by tapping his head
repetitively with his hands. When Patrick was interrupted before finishing the chain, it is
possible that this served to prevent access to reinforcing effects of the terminal link in the chain.
As RIRD interrupted and denied access to this reinforcement, it likely increased behavior, or
produced an extinction burst, depicted at the end of the first GP phase. Furthermore, it is
possible that the imitative motor tasks selected during the RIRD trials did not function as
punishers. Research by Torres-Viso, Sloman, and Shulman (2012) demonstrated that RIRD was
ineffective for a child with ASD when imitation tasks were used as the contingent demands. A
negative reinforcement test was conducted to identify aversive tasks and results indicated that
when non-preferred tasks were incorporated into RIRD trials contingent on stereotypy, clinically
significant decreases were observed. In contrast, Liu-Gitz and Banda (2010) reported reductions
in stereotypy when RIRD was implemented with preferred tasks, suggesting that the selected
RIRD tasks may be idiosyncratic for children with ASD.
Clinical Control (EIBI + GP). It was hypothesized that participants receiving EIBI only
would not result in significant decreases of motor stereotypy compared to RIRD only. This
hypothesis was supported as indicated by minimal decreases (less than 10%) of behavior during
EIBI and post-treatment sessions. Staff members working with the participants in this group
implemented other strategies contingent on motor stereotypy, including response blocking, or
providing the child a break from the task. Although response blocking has been shown to reduce
automatically maintained aberrant behaviors, including head banging, eye poking (Fisher, Grace
& Murphy, 1996; Lerman & Iwata, 1996; Smith, Russo, & Le, 1999), and hand mouthing (Reid,
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Parsons, Phillips, & Green, 1993), the mechanism of this procedure may be idiosyncratic for
children with ASD. For instance, response blocking may have served as a punishment or an
extinction procedure for the participants in the clinical control group. Lerman and Iwata (1996)
found response blocking to function as a punishment procedure when used to treat hand
mouthing as blocking only a portion of the responses decreased responding to subclinical levels.
Alternatively, others have found that when behaviors such as eye poking were blocked, response
blocking was ineffective and resulted in elevated behaviors relative to baseline, suggesting that
response blocking may exacerbate behaviors as a response to extinction (Worsdell, 2000). The
idiosyncrasy of functioning for response blocking may help explain the variability and minimal
decreases in behavior observed for both participants in the clinical control group.
Furthermore, it should be noted that for Isiah, new topographies of motor stereotypy
emerged at approximately Sessions 26 and 30. This is consistent with the literature in that
implementing a punishment procedure such as response blocking can result in the presence of
new, alternative forms of motor stereotypy when the target behavior is blocked (Fellner et al.,
1984; Hagopain & Adelinis, 2001). New topographies of motor stereotypy present during
Isiah’s sessions included excessive head nodding, wiggling his fingers, and opening and closing
his hand, suggesting that response blocking alone was ineffective in reducing behaviors and
served as a barrier in achieving mastery criteria for the GP phases.
Other procedures implemented by staff, such as providing the child a break from the task
contingent on motor stereotypy was also not effective, which may have likely been attributed to
providing escape from instructional activities. Behaviors maintained by escape have been shown
to be at least as prevalent and sometimes more prevalent than automatic reinforcement functions.
For instance, in an analysis of SIBs of 152 individuals with developmental disabilities, Iwata and
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colleagues (1994) demonstrated that 35% of the individuals displayed SIB maintained by escape
from instruction, compared to 26% of individuals whose SIB was maintained by automatic
reinforcement. Similarly, Asmus et al. (2004) demonstrated that escape was the most common
maintaining variable for problem behavior solely or in combination with automatic
reinforcement for individuals with developmental disabilities. Finally, Love, Carr, and LeBlanc
(2009) found that escape was the second most common function of problem behavior identified
for 50% of 32 children with ASD. In the current study, participants in the clinical control group
exhibited moderate levels of motor stereotypy during the functional analysis contingent on a
demand (M = 61.49%), suggesting that behaviors may have served to function as escape during
EIBI sessions when a break was provided. The instructional environment may have been
aversive and established escape from it as a negative reinforcer when a break was given, thereby
inadvertently reinforcing and maintaining motor stereotypy during instruction (Geiger, Carr, &
LeBlanc, 2010).
Specific Aim II
Experimental (RIRD + SC + GP). Specific Aim II predicted that RIRD in conjunction
with SC training would result in lower levels of motor stereotypy and increase the likelihood of
generalization compared to participants who did not receive this intervention package. This
hypothesis was fully supported as indicated by the overall decrease of motor stereotypy by more
than 90%, and achievement of mastery criteria across all four GP phases with fewer sessions
needed. Furthermore, results demonstrated that the red and green stimuli used during SC
training continued to demonstrate differential control throughout the intervention condition and
post-treatment when programmed consequences were no longer paired with their presentation.
Although this aim was exploratory, these findings are consistent with previous studies using
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discrimination training with other behavior reduction strategies (Brusa & Richman, 2008; Rapp
et al., 2009; O’Connor et al., 2011). For instance, motor stereotypy has been brought under the
control of various discriminative stimuli such as examiners wearing wristbands (Doughty et al.
2007; McKenzie et al. 2008), visual reminders consisting of “yes” and “no” cards (Conroy et al.
2005), and red and green cards (Brusa & Richman, 2008; Rapp et al. 2009) when responses were
blocked.
While RIRD only also resulted in overall decreases of motor stereotypy, an additional
41.32% reduction of behavior was found when the RIRD + SC intervention was implemented.
The effectiveness of adding SC training to RIRD is likely attributed to the mechanism of basic
operant principles and learning theory. Early studies of stimulus control training involved
training animals such as pigeons and rats to emit specific behaviors in the presence of certain
stimuli (Buzzard & Hake, 1984). For instance, in Skinner’s classic study (1948), pigeons learned
to peck a key in the presence of a green light in order to receive a food pellet. However, in the
presence of a red light, the pigeons did not peck the key as the food pellet was not delivered in its
presence, thereby establishing the green light as the discriminative stimuli. Specific to human
behavior, discrimination training has been used to teach a variety of academic and social skills as
the learner receives reinforcement by exhibiting specific behaviors in one or more circumstances
and not in others (Miller & Lignugaris-Kraft, 2002), suggesting that most learning is under some
form of stimulus control (Baum, 2005).
In the current study, the green poster functioned as a conditioned reinforcer by presenting
it contingently upon the absence of stereotypy within the changing-criterion design. That is,
access to motor stereotypy in the presence of the green stimulus served as the reinforcer for the
absence of motor stereotypy in the presence of the red stimulus during the intervention phase.
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Participants in the experimental group who received RIRD in conjunction with SC training
learned that they could engage in stereotypic behavior in the presence of the green stimulus after
refraining in the behavior during academic programming. Furthermore, generalized responding
from varying clinic rooms and therapists demonstrated even greater control with the red and
green stimuli, indicating that motor stereotypy was successfully brought under stimulus control
(Brusa & Richman, 2008).
Specific Aim III
Specific Aim III assessed differences in the engagement of motor stereotypy posttreatment during EIBI sessions and on the RRB subscale on the SRS-2. As expected, reductions
of motor stereotypy post-treatment were greatest for participants receiving the RIRD + SC + GP
intervention package. In addition, these results were consistent with parent report on the second
administration of the SRS-2. However, given the small sample size of this study, results must be
viewed with caution due to low power (Cohen, 1994). Moderate effect sizes on the RRB
subscale and moderate to large effect sizes on 5 out of the 6 SRS-2 subscales for the
experimental group were not expected. Parents/caregivers of the participants in the experimental
group endorsed improvements in areas of not only repetitive behaviors, but also social awareness
(e.g., aware of what others are feeling, understanding and responding to the needs of others),
social cognition (e.g., understanding meaning of facial expressions, differentiating one’s own
feelings from the feeling of others), social motivation (e.g., likely to initiate social interactions
with others, less likely to prefer to be alone), and the overall total score on the SRS-2. For the
traditional treatment group, moderate effect sizes were found on social awareness and social
cognition skills while a small effect size was noted in the RRB subscale. It is important to note,
however, that effect sizes did not change the severity of autism symptoms on the total score on
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the SRS-2. That is, the overall total score on the SRS-2 post-treatment for participants in the
experimental group and traditional treatment group were still within moderate levels.
While this hypothesis was exploratory in nature, it is possible that lowered endorsements
on the RRB subscale may be attributed by improvements in other skills. For instance, research
supports that the presence of motor stereotypy can impede learning acquisition as well as social
communication skills (Koegel & Covert, 1972; Varni et al., 1979; Pierce & Courchesne, 2001),
however, reduction of these behaviors may provide opportunities to improve other skills during
educational programming (Richler et al. 2010). Therefore, it is possible that fewer occurrences
of motor stereotypy during EIBI sessions may have led to greater attending skills during tasks
and thus, improvements in other areas of functioning. In contrast, Dawson and colleagues
(2010) found that intervention approaches solely focused on improving cognitive or socialcommunication skills are unlikely to fully impact repetitive behaviors found in ASD. That is,
EIBI for young children with ASD resulted in significant treatment-related improvements in both
cognitive and social-communicative skills but no corresponding improvements in the RRB
domain. While the current study resulted in substantial decreases of motor stereotypy for the
experimental group during EIBI, it remains unclear as to whether parents’ endorsements on the
SRS-2 post-treatment were indicative of this observed change, or due to other variables.
Moreover, the reported decrease in autism symptoms may be attributed to parent training
that was provided for all parents/caregivers at the participating agency. For instance, in one
study (Deb, Dhaliwal, & Roy, 2008), parents who received parent management training
consisting of eleven 60 to 90 minute sessions with a therapist over 16 weeks resulted in lower
endorsements of problem behavior. Parents/caregivers in the current study participated in 1-hour
weekly parent management training over the course of 8 weeks, which included applying
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reinforcement and extinction procedures for challenging behaviors, such as non-compliance,
tantrums, and aggression. Therefore, it is possible that parent management training may have
enhanced skill building and better management of aberrant behaviors, thereby likely resulting in
improvements of skills and lower endorsements on the SRS-2.
Furthermore, it is important to note that changes in pre- and post-treatment scores on the
SRS-2 may be attributed to parent bias. While informant methods are subjective and useful in
gathering information, they have questionable accuracy and fail to capture inter-individual
variations in the form, amount, and duration of stereotypic behaviors (Pyles, Riordan, & Bailey,
1997). While over-rating is common due to greater parental distress and exhaustion (Deb,
Dhaliwal, & Roy, 2008), under-reporting may also occur due to lowered behavioral expectations
provided the child’s known ASD diagnosis. Furthermore, parent responding in the current study
may have been influenced by expectations about treatment outcomes, treatment credibility,
parent involvement in treatment, and treatment attendance (Nock & Kazdin, 2001). Specific for
parents with children with ASD, research shows that greater belief is placed on the importance of
treatment outcomes rather than the likelihood of those outcomes. Thus, parents of children with
ASD may have difficulty maintaining optimism about a variety of outcomes (Ivey, 2004),
however, this did not appear to be the case in the current study. Research of parent perceptions
on ASD symptoms and reporting are limited, thus increasing the need to gather additional
information about different aspects of parent expectations on rating scales.
Limitations
There were several limitations to the current study. First, all participants were male.
Given that a diagnosis of ASD is 4.5 times more common among boys (1 in 42) than girls (1 in
189), this trend among participants was expected in the current study (Centers for Disease
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Control and Prevention, 2014). While research of girls with ASD engaging in motor stereotypies
are limited (Fliers et al., 2008), studies suggest that girls with lower scores on IQ and adaptive
measures are likely to exhibit these behaviors (Kopp, Beckung, & Gillberg, 2010). Other
developmental disorders, like Rett syndrome, which predominately affects females, results in the
appearance of distinctive hand stereotypies, including hand wringing, tapping, and hand
mouthing. Behavior-reduction strategies like RIRD have been shown to reduce motor
stereotypies in Rett syndrome, suggesting that RIRD in conjunction with SC training may be
encouraging in reducing these behaviors in girls, although further research with girls with ASD
is needed (Lewis & Kim, 2009).
Furthermore, the current study had a small sample size. Given that ASD is a low base
rate disorder which affects 1% of the general population (Centers for Disease Control and
Prevention, 2014), sampling recruitment is often limited. Furthermore, the rationale for the
number of participants for the current study is supported by previous research in the RIRD
literature which is often based on single-subject experimental designs (Miguel, Clark, Tereskho,
& Ahearn, 2009; Lui-Gitz & Banda, 2010; Schumacher & Rapp, 2011). It is important to note
that small sample sizes, however, can enhance threats to internal validity including the length of
baseline and intervention conditions, the number of variables changed when moving from one
changing-criterion condition to another, and the degree and speed of any change that occurs
among individuals. Single-subject experimental designs can also impact generalizability of
treatment. Although motor stereotypy reduced for participants in the experimental and
traditional treatment groups and generalized to other conditions (e.g., novel therapist, novel
room), replication is particularly important to support generalization among other individuals
with ASD, larger sample sizes, and with varying generalization conditions (e.g., school, home,
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teachers, parents).
Another limitation was that randomization across groups was not possible, given that all
participants were already enrolled in some type of therapy at the participating agency. Due to
the lack of randomization across groups, it is not possible to determine if participants in a
particular group would have responded more favorably to a different intervention. The
possibility that unidentified differences existed across groups cannot be ruled out, which could
account for the changes observed post-treatment during EIBI sessions and pre- and post-SRS-2
scores, especially with regard to the improvements in performance for participants in the
experimental group. For instance, families who chose to enroll their child into EIBI instead of
alternative, traditional therapies (e.g., occupational therapy) may have differed on demographic
variables, such as parental educational level or other variables unknown to the experimenter,
which may have influenced participant therapeutic outcomes over time.
While formal data on family demographic variables were not collected during this study,
previous research has not found a relationship between demographic variables and therapy
outcomes for children with ASD. In the Remington et al. (2007) study, mothers who enrolled
their children in EIBI were more likely to have a college education, yet differences to mothers of
children in the comparison group were not statistically significant. Similarly, Miller, Schreck,
Mulick, and Butter (2012) found that parent level of education, annual income, and age were not
associated with choosing an empirically-supported treatment approach. Rather, parent selection
of treatments for their children with ASD was most influenced by recommendations from school
personnel and other parents, even though educators, speech-language pathologists, occupational
therapists, and physical therapists were least likely to suggest interventions supported by science.
However, it remains unclear if family demographic variables impacted the results of the current
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study.
A methodological weakness was that the ADOS-2, MSEL, and SRS-2 assessments were
conducted by the experimenter. Given that the experimenter was not blind to the study
hypothesis, this suggests that testing could have been influenced by experimenter bias. The
experimenter did not use alternative examiners due to lack of available personnel such as
graduate students and therapy staff trained in psychodiagnostic test administration at the
recruitment facility. A stronger design would have been to include an independent evaluator,
blind of study procedures and hypotheses, to conduct all assessments in order to reduce the
likelihood of bias.
With respect to response measurement, motor stereotypy data were collected using a 10second PIR system. Limitations have been noted with PIR, such as underestimating the rate of
high-frequency behaviors, overestimating the total duration of behavior, and requiring observers
to monitor the behavior continuously throughout a session (Cooper et al., 2007). As mentioned
previously, a common alternative mentioned for collecting data on motor stereotypy includes
MTS. MTS is an event recording method in which the response is recorded only if it occurs
exactly at a predetermined moment (Harrop & Daniels, 1986). This procedure has been shown
to have superior accuracy in estimating the actual duration of stereotypy (Gardenier et al., 2004;
Meany-Daboul, Roscoe, Bourret, & Ahearn, 2007) and does not require data collectors to
monitor the target behavior outside of the intervals specified for time sampling. In recent
research on RIRD, some authors (e.g., Ahearn et al., 2007; Cassella et al., 2011; Colon et al.,
2012) have employed MTS in favor of other forms of interval recording, including PIR and
whole-interval recording. However, despite the advantages of MTS, PIR was selected as the
measurement method in the current study because the experimenter did not have access to a
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computerized data collection system with capabilities for MTS.
Furthermore, this study was limited to motor stereotypy maintained by automatic
reinforcement. While studies indicate that motor stereotypy comprises a class of operant
behaviors maintained by reinforcement contingencies, such as a sensory function (Piazza et al.,
2000; Rapp et al., 2009), a growing body of literature suggests that stereotypy is multiply
determined and often enters into contingencies of social positive and negative reinforcement
(Kennedy, et al., 2000; Ahearn et al., 2003). The function of motor stereotypy for participants in
the experimental group was maintained by automatic reinforcement and by interrupting the
behavior, the participant could no longer access reinforcement. However, results may have been
different if behaviors were maintained by other functions, such as social reinforcement or
negative reinforcement. That is, RIRD and SC training may not produce similar effects if the
intervention functions as a reinforcer by providing attention from the therapist, or escape from a
demand, thereby possibly increasing the frequency and occurrence of motor stereotypy.
In addition, this study did not assess vocal stereotypy. Vocal stereotypy, which is the
persistent use of non-purposeful or repetitive vocalizations, is displayed by some children with
ASD (Gardenier, MacDonald, & Green, 2004). Dylan, in the experimental group, and Adam, in
the traditional treatment group, engaged in occasional vocal stereotypy, but occurrences were
observed to be of much lower rate than that of motor stereotypy. During initial discussions
regarding Dylan and Adam’s programs at the participating agency, there were concerns
regarding their limited communication. While both participants had limited verbal repertoire, it
was viewed as a possibility that decreasing vocal stereotypy could possibly punish their attempts
to increase verbal behavior. However, RIRD and SC training for reducing vocal stereotypy
could be implemented in a similar manner to the intervention in the current study by using echoic
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prompts. For instance, contingent on the occurrence of vocal stereotypy and in the presence of
the red card, the therapist can suspend EIBI tasks and begin RIRD trials in the form of vocal
imitation tasks (e.g., “Say banana”). If the participant does not emit the correct word following
the echoic prompt (i.e., the child does not say anything, says a different word, or engages in
vocal stereotypy), the therapist can repeat the same word until the child echoes the word without
vocal stereotypy. In the presence of the green card, the child can engage in vocal stereotypy
without consequences. Future studies may wish to determine the efficacy of implementing a
combined motor + vocal RIRD + SC + GP intervention package as an attempt to reduce vocal
and motor stereotypic behaviors during EIBI sessions.
Furthermore, it should be noted that all participants experienced only 6 hours of EIBI per
week. This deserves attention because this level of service is considerably less intensive than
current recommendations. To achieve optimal results, at least 30 to 40 hours weekly of
behavioral intervention is generally recommended for young children with ASD for at least 2
years (Eikeseth, 2009). In a recent review on EIBI practices for young children with ASD,
Matson and colleagues (2012) reported that the majority of EIBI programs offer 20 to 40 hours
of therapy per week. Consistent with these guidelines, Granpeesheh, Dixon, Tarbox, Kaplan,
and Wilke (2009) found that children with ASD between 2 to 7 years of age were more likely to
benefit from increased hours of EIBI compared to older children, as measured by the number of
mastered goals across time. In addition, Eldevik and colleagues (2010) found that while there
were statistically significant differences in favor of EIBI between two groups of children who
received EIBI or eclectic therapy for 12 hours per week, these discrepancies were small and may
not have been clinically meaningful. As such, it is possible that results of the present study may
have been different if participants received behavioral intervention at the intensity of current
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practice recommendations. Nevertheless, when taking into account family and clinic resources
as well as the maximum number of weekly hours reimbursable by medical insurance, it would
have been difficult to provide EIBI services at this level of care for the purposes of the current
investigation.
Lastly, the pre- and post-treatment administration of the SRS-2 were limited to
parents/caregivers. Additional information may be warranted from teachers and/or daycare
providers, as well as clinicians and staff members at the participating agency working in direct
contact with the participants. This may determine whether differences in abilities were noted
across multiple settings and people (Evans, Allen, Moore, & Strauss, 2005).
Future Directions
There are many reasons that necessitate continued research in the area of motor
stereotypy. In particular, motor stereotypic behaviors are difficult to treat. The potentially
cumbersome implementation of behavior-reduction interventions is an important factor for
practitioners to consider when selecting a treatment to reduce these behaviors. For instance,
Miguel and colleagues (2009) reported that RIRD was implemented more than 100 times across
an entire day to reduce stereotypy in their participant’s natural classroom environment.
Furthermore, although Liu- Gitz and Banda (2010) reported positive findings when applying
response blocking within a special education classroom setting, this procedure may not be
feasible for caregivers and school personnel to implement across the day. Ahrens and colleagues
(2011) demonstrated that behavior-reduction strategies like response blocking had limited
effectiveness in suppressing motor stereotypy when the procedure is implemented intermittently
(e.g., 10% or 25% of opportunities). As such, if providers, educators, and caregivers are not able
to implement strategies with high procedural fidelity, then behaviors may maintain to the natural
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setting. Therefore, additional research is warranted for developing effective treatment packages
for motor stereotypy, while minimizing the likelihood of emergence of other problem behaviors.
Future studies may wish to determine the effects of implementing response blocking +
SC + GP compared to RIRD + SC + GP. Response blocking, which was primarily implemented
at the participating agency, is often used in combination with other methods of treatment (e.g.,
redirection, matched stimuli, differential reinforcement) and deemed effective. Fisher, Lindauer,
Alterson, and Thompson (1998) effectively reduced destructive behavior of ripping and breaking
objects by blocking destruction and redirecting the participant’s hands towards matched toys.
Given that both RIRD and response blocking serve similar functions of reducing access to motor
stereotypy, it may be worth comparing the effects of these treatments to determine if blocking
alone with SC training can result in differences in treatment outcomes and generalization.
Furthermore, investigating the impact of the RIRD + SC + GP intervention package and
improvement on skills during EIBI is also warranted. Data should be collected on the number of
trials to mastery across EIBI programs to determine if the participant acquired target skills more
quickly when RIRD + SC + GP was in place compared to other conditions. The types of
imitative tasks used for the RIRD conditions could also be manipulated (e.g., vocal versus gross
motor imitation) to identify the best combination for use during EIBI, especially on different
types of motor and vocal stereotypy. During implementation of RIRD + SC, it is unknown if the
topography of RIRD task should be different from the EIBI task. Similar to findings by Ahrens
and colleagues (2011), RIRD tasks requiring motor responses may be more favorable overall
because physical guidance could be implemented when the child does not comply.
While the current study implemented a changing-criterion design, future research could
also evaluate two or more effective treatments for motor stereotypy within a combined reversal
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and multi-element design using SC to determine the best method for an individual. Several
factors should be examined, including the duration of procedures, side effects (e.g., crying,
physical aggression, etc.), procedural fidelity, and generalizability to the natural environment.
Furthermore, while the red and green stimuli in the current study established stimulus control, it
is unknown if these stimuli would continue to exert control over behavior in other environments
that are less similar to the clinic environment, such as the home and school settings, and in the
presence of parents, siblings, and relatives. Future work may attempt to promote generalization
across environments by varying the settings and people in which discrimination training occurs
and establishes control by more complex stimulus combinations. Evaluating other types of
portable discriminative stimuli (e.g., therapists wearing bracelets, different colored shirts)
beyond red and green cards would also be useful, especially in the contexts of caregiver and
teacher training.
Overall, there is a paucity of behavior analytic research on empirically-supported
treatments for children with ASD and intellectual disabilities with regard to behavior-reduction
procedures. To better understand the trajectory of ASD symptoms in the absence of a specific
treatment, group studies with randomized or quasi-experimental designs are needed with the
inclusion of comparison groups, such as the control groups used in the present study with a
larger number of participants (Shadish, Cook, & Campbell, 2002). For motor stereotypy
intervention research within a group design, children could be matched on a variety of variables,
including chronological age, sex, expressive language abilities, adaptive skills, cognitive
functioning level, or symptom severity based on nomothetic diagnostic tools. While motor
stereotypy continues to be a challenging behavior to reduce, the current study adds to the
literature indicating that automatically reinforced behavior can be addressed via stimulus control
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procedures, however, this area of research needs to be further examined to ensure improvement
in learning acquisition skills for children with ASD.
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Appendix A: Flyer for Participant Recruitment

EASTERN MICHIGAN UNIVERSITY IS LOOKING FOR VOLUNTEERS TO PARTICIPATE IN A
STUDY
OF MOTOR BEHAVIORS IN AUTISM SPECTRUM DISORDERS

The research will measure the effects of a motor
program on reducing inappropriate motor movements
(“motor stereotypy”).

For more information or to find
out if you are a candidate please
contact:

If your child is currently receiving or will be receiving
applied behavior analysis (ABA) therapy, he or she will
receive an additional motor program lasting 30 minutes
to replace inappropriate motor behaviors.

Ambreen Shahabuddin, M.S.,
LLP, Doctoral Fellow
EMU Psychology Department
(734) 487-1155
Email: ashahabu@emich.edu

You may have the option of your child participating in
our “treatment as usual group” in which you will be
asked to complete motor testing approximately 3
months.
Participants will receive a $15 gift card upon
completion of testing.
Participants include children 3 to 5 years with Autism
spectrum Disorder. This includes Autistic Disorder,
Asperger’s Disorder, and Pervasive Developmental
Disorder.
Engagement of inappropriate motor behaviors (“motor
stereotypy”).

Research Supervisor: James
Todd, Ph.D.

MOTOR STEREOTYPY IN ASD

146

Appendix B: Parent Consent Form

Parental Consent Form
The person in charge of this research study is Ambreen Shahabuddin, MS, LLP (Doctoral
Candidate) at Eastern Michigan University. Her faculty adviser is James Todd, Ph.D.,
(Professor of Psychology). Throughout this form, this person will be referred to as the
“investigator.”
1. Purpose of the Research Study: The purpose is to measure the effects of a
motor program on reducing inappropriate motor movements (“motor stereotypy”)
and improving engagement for on-task behaviors for children with autism
spectrum disorder. If your child is currently receiving or will be receiving applied
behavior analysis (ABA) therapy, he or she will be randomly assigned to our
ABA group or our ABA-plus-motor program group. During the ABA-plus-motor
group, participants will receive an additional motor program lasting 30 minutes in
duration to replace inappropriate motor behaviors, which would occur during your
child’s regular treatment.
If you do not want your child to participate in ABA at this time, you may have the
option of your child participating in our “treatment as usual group.” In this case,
your child would continue with his or her usual treatment plan (e.g., speech
therapy, occupational therapy, etc.) and you would be asked to release the results
of your child’s testing and complete additional motor testing in approximately 3
months from signing this form. The purpose of the “treatment as usual” group is
to provide a comparison group to evaluate the effects of the motor program.
2. Participation Requirements: Your child must be between the ages of 3 and 5
years old at the start of the study and have a diagnosis of an autism spectrum
disorder (ASD) in order to participate. Basically, we will conduct motor and
diagnostic testing of your child that are already a part of your child’s entry into
the treatment program, using tests that are commonly used with children in clinics
and schools. Before your child’s participation may begin, you will be asked to
sign this consent form to verify that you understand the study procedures and are
willing to allow your child to work with the principal investigator. We will not
ask you to sign this document if it appears you do not understand it or the relevant
aspects of the study.
3. Description of Study Procedures: If your child is assigned to in the ABA-plusmotor program, the study will include 4 parts:
a. An assessment phase in which your child will receive developmental,
diagnostic, and motor testing to find out his or her current functioning.
This testing will be completed as part of your child’s routine treatment at
the agency that your child currently attends or plans to attend.
b. A “functional analysis,” in which the cause of your child’s identified
motor problems is investigated during brief sessions of about 5 minutes by
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watching your child’s reactions to toys or the actions of others. The
experimenter will systematically change how she acts to determine when
your child is most likely to use inappropriate motor movements (e.g., hand
flapping, finger twisting).
c. A treatment phase, which has several parts: (1) Baseline: Your child’s
inappropriate motor movements will be measured during academic tasks
for 5 minutes. Several 5-minute sessions will be conducted to determine a
pattern. (2) Treatment: Whenever the child exhibits inappropriate motor
movements, the therapist will stop the current task and tell the child to
complete 3 motor imitation tasks correctly. For example, the child may be
asked to clap his hands, or touch his nose. This procedure will be repeated
until the child stops using inappropriate motor movements. Once the child
is no longer engaging in inappropriate motor movements at that moment,
the current ABA program will resume. All sessions will be conducted in a
small room at your child’s treatment center with the experimenter present,
and last approximately 5 minutes each, for no longer than 30 minutes per
day. Treatment will last for approximately 2 months.
d. A motor re-testing phase, in which the motor test that was given to your
child at the beginning of the study will be repeated approximately 3
months later. The purpose of this assessment will be to see if any
improvements in your child’s motor skills and/or reduction of
inappropriate motor movements have occurred following the program or
any other program that your child has participated in during the course of
the study. This motor test should take approximately 20 minutes to
complete and will be free of charge.
If your child is assigned to the ABA group, he or she will participate in all of the
above study procedures except for Part C, the treatment phase.
If you do not want your child to participate in the treatment part of this study, but
are willing to give permission for in the “treatment as usual” group, you will be
asked to release your child’s test results and complete only Part D (above) of the
study procedures listed.
4. Possible Risks of Participating: The risks associated with this study are unlikely
to exceed those that are ordinarily expected from your child’s current therapy.
Precautions will be taken to minimize risks to your child and all sessions will be
conducted in a safe environment that is free of any hazardous materials. The
researcher will follow all safety and behavior management policies in accordance
with the treatment center’s overall policies that are in place outside of the research
context. Emergency situations (e.g. seizures, major injuries due to behavior
problems, or other accidents) will be handled by taking appropriate steps to
maintain the child’s safety and the safety of others until the guardian is able to
arrive. Parents will be notified immediately of any problems. All appropriate
health and safety regulations will be followed. If unexpected behavior issues arise
during the study, or there are other health or safety problems that might prevent
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your child’s continued participation, the situation will be discussed with you and
others as appropriate in a timely manner before participation continues. In the
unlikely event of an injury resulting from the research study, no reimbursement,
compensation, or free medical care is offered by the researchers conducting the
study.
5. Benefits of Participating: If your child participates in the ABA-plus-motor
program, he or she may benefit from the considerable experience shared by the
investigator, Ms. Shahabuddin and her mentor, Dr. James Todd, who have worked
with children with autism spectrum disorders for many years. If the program that
we develop for your child is successful, it is possible that you will see reductions
in your child’s inappropriate motor movements as well as an increase in new
motor skills. Reducing inappropriate motor movements may also allow for
increases in other social skills, help the child become more independent, and
improve relationships with peers. Alternatively, it is possible that there will be no
change. Regardless of whether your child participates in the ABA-plus-motor
program, you will learn valuable information about your child’s motor progress
through the free motor testing that will occur at the beginning of the study and
three months later.
6. Alternative Treatments Outside of the Study: Researchers have identified
several procedures, including the one under investigation, to minimize the use of
inappropriate motor movements. These treatments include ignoring the behavior,
rewarding opposite behavior, and repeating appropriate movements until the child
stops exhibiting inappropriate behaviors. Caregivers may choose to explore
alternative options outside the context of this study. Other behavior reduction or
medical treatments will not be offered as part of the current study. Should any
new findings regarding the procedures under investigation come up during the
course of this study, Ms. Shahabuddin will discuss them with you as appropriate.
7. Confidentiality: We will keep your child’s information confidential by not
collecting any identifiable information (e.g., this includes you/your child’s name,
birthdate, phone number and address). Your information will be stored in a
password-protected computer that is only accessible by the investigator. All
physical forms, such as consent forms, will be placed in a locked filing cabinet.
a. We will make every effort to keep your child’s information confidential,
however, we cannot guarantee confidentiality. There may be instances
where federal or state law requires disclosure of your child’s records.
b. If, during your child’s participation in this study, we have reason to
believe of child abuse, or if we have reason to believe that your child is at
risk for being suicidal or otherwise harming him or herself or anyone else,
we must report this to authorities as required by law.
c. We will make every effort to keep your child’s research information
confidential. However, it may be possible that we have to release your
child’s research information. If this were to occur, we would not be able to
protect your child’s confidentiality.
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d. Other groups may have access to your child’s research information for
quality control or safety purposes. These groups include the University
Human Subjects Review Committee, the Office of Research Development,
the sponsor of the research, or federal and state agencies that oversee the
review of research. The University Human Subjects Review Committee is
responsible for the safety and protection of people who participate in
research studies.
e. We may share your child’s information with other researchers outside of
Eastern Michigan University. If we share your child’s information, we will
remove any and all identifiable information so that your child cannot
reasonably be identified.
f. The results of this research may be published or used for teaching and will
be presented as group statistics. Identifiable information will not be used
for these purposes.
8. Storing study information for Future Use: The results of the study may be
published in journals or other academic outlets, discussed as cases in college-level
courses, or presented at conferences. Your child’s participation will be kept
confidential, and any presentation or publication of the findings will not identify
you or your child. When presenting this data, your child will be de-identified
using an alternate name or number. All data will be physically stored in a locked
file cabinet by the principal investigator, with all identifying information
removed. All testing protocols will be kept at the child’s treatment center in his or
her regular file and will not leave the building. Data stored on computers will also
be de-identified using an alternate name for your child. Please initial below
whether or not you allow us to store your child’s information:
__________Yes

___________No

9. Costs to Participation: Participation will not cost you or your child anything.
You will be responsible for your child’s transportation costs to and from the
study.
10. Payment for Participation: Your child will be given a $15 gift card for
participating in this research study. A small toy or reward may also be given.
11. Study contact information: If you or your child has any questions about the
research, you can contact the Principal Investigator, Ambreen Shahabuddin, at
ashahabu@emich.edu, or by phone at (734) 487-1155. You can also contact
Ambreen’s adviser, Dr. James Todd, at JTodd@emich.edu or by phone at (734)
487-0376. For questions about your child’s rights as a research subject, contact
the Eastern Michigan University Human Subjects Review Committee at
human.subjects@emich.edu or by phone at 734-487-3090.

MOTOR STEREOTYPY IN ASD

151

12. Voluntary participation: Participation in this research study is your and your
child’s choice and is purely voluntary. Your child either will be asked
independently for assent or his or her dissent will be respected. You and your
child may refuse to participate at any time, even after signing this form, with no
penalty or loss of benefits to which you and your child are otherwise entitled. You
and your child may choose to leave the study at any time with no loss of benefits
to which you and your child are otherwise entitled. If you and your child leave the
study, the information your child provided will be kept confidential. You and your
child may request, in writing, that your child’s identifiable information be
destroyed. However, we cannot destroy any information that has already been
published.

Statement of Consent
I have read this form. I have had an opportunity to ask questions and am satisfied with the
answers I received. I give my consent to for my child to participate in this research study.
Signatures
______________________________________
Name of Child
______________________________________
Name of Parent
______________________________________
Signature of Parent

____________________
Date

I have explained the research to the parent and answered all his/her questions. I will give
a copy of the signed consent form to the parent.
________________________________________
Name of Person Obtaining Consent
________________________________________
Signature of Person Obtaining Consent

_______________________
Date
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Appendix C: IRB Approval
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Appendix D: FAST
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Appendix E: Data Sheet

Condition:_____

Participant #:_____

Observers:_____

Date:______

Write an “M” in each interval box that the participant engages in motor stereotypy at the end of
the interval when the CD says, “Record.” Write a “—” in each interval box that motor
stereotypy does not occur at the end of the interval. All intervals are 10 seconds in duration and
sessions last for 5 minutes.
Sessions #: _____

% Motor Stereotypy: _____

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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7

8
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18
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30

